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Abstract 
The aim of this dissertation is to identify and assess the impact of macroeconomic and 
property variables on prime office rental levels. Data from seven diverse European cities was 
gathered from 2000 to 2014 and statistical analysis using econometric modelling was 
undertaken. The results unveil a number of relationships between the explanatory variables 
and prime office rents. In particular, the results highlight movements in the office vacancy 
rate and GDP as important variables impacting change in prime office rental levels while 
employment, interest rates and inflation play a less significant role. Results indicate that 
econometric modelling has a role to play in investment decision making and transnational 
studies such as this may prove useful for investment portfolio diversification. Like many 
social science econometric studies, a number of limitations are encountered such as the use of 
headline rents where effective rents would provide a more accurate reflection of the office 
market. This limitation is common to the majority of the studies in this area due to 
restrictions on data availability in the industry. The findings of the study should add to the 
existing body of knowledge on the subject area and prove useful to investors operating 
increasingly globalised portfolio strategies.   
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Chapter 1: Introduction 
‘Office rental values are necessarily determined by the interaction of demand and supply 
forces in the market in question’, (Giussani et al, 1992: 158).  
Commercial real estate plays a major role in the performance of an economy. In Ireland, for 
example, total commercial real estate investment spend (accounting for transactions of more 
than €1 million in value) reached €1.78 billion over 96 individual transactions in 2013. More 
than half of this capital was from overseas investors. This represents the biggest expenditure 
since 2006 and offices were the most predominant sector (CBRE, 2014a). Real estate 
investment in Ireland had fallen from 2006 as a result of the poor economic which made 
finance virtually inaccessible to domestic investors and provoked uncertainty in foreign 
investors about future achievable returns. This emphasises the importance of the economic 
climate to investors and real estate professionals. Globalization has led to a rise in 
transnational investment, De Wit and Van Dijk (2003) claim that European investors in 
particular look beyond their national borders for interesting investment opportunities. These 
investors are encouraged by a healthy economy and potential for rental growth in the 
foreseeable future. Rental levels are a fundamental element in the investment decision 
making process.  
Traditionally, commercial property research has been restricted by a lack of good quality data 
and therefore European office markets are generally under researched (McCartney, 2010; 
Brounen and Jennen, 2009b; Slade, 2000; Giussani et al, 1992). However, a number of 
empirical studies have been carried out over the years assessing the impact of various 
economic and property variables on office rental levels.  
The aim of this dissertation is to identify the key variables impacting prime office rents. This 
is carried out using econometric modelling. An ordinary least squares (OLS) regression 
model is used to assess the impact, if any, of movements in the explanatory variables on the 
dependent variable, prime office rents. The explanatory variables selected are: 
? Office vacancy / availability rate 
? GDP 
? Inflation 
? Interest rates 
? Employment 
Chapter 1: Introduction 
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The study uses quarterly data from London, Paris, Berlin, Brussels, Dublin, Birmingham and 
Manchester from 2000 to 2014. The goodness of fit measure (R-Squared) produced from 
each model quantifies how much of the movement in the dependent variable is explained by 
movements in the explanatory variables on a per country basis. The property data is obtained 
from chartered surveyors CBRE for seven European cities covering approximately13 years. 
Access to reliable data, consistent across each of the cities, is fundamental in this study. This 
is particularly relevant in relation to supply side as many similar studies have been forced to 
compromise by using various proxies for supply.  
Chapter 2 contains a literature review which discusses various previous studies that have 
been undertaken on this subject area. This literature was influential in selecting the cities, 
variables and methodology for this dissertation which are discussed in Chapter 3. Chapter 4 
presents and discusses the findings from the statistical tests. Chapter 5 analyses and interprets 
these findings. Chapter 6 concludes the paper by assessing the aims and achievements and 
recommends areas for further research. Appendix A details common methodological 
challenges encountered in research surrounding this topic. Appendix B contains a synopsis of 
the office market in each city selected for the study. Appendix C tabulates the results of the 
each city’s simple correlation analyses between the dependent variable and each of the 
independent variables. Appendix D provides results of the multiple regression models that 
were subsequently dismissed in favour of more robust models. Appendix E outlines the 
proposal submitted for this dissertation and Appendix F contains the supervision logbook.  
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Chapter 2: Literature Review 
2.1 Introduction 
 ‘Rent, the price of space, is arguably the most important variable in property economics’ 
(Hendershott et al, 2002: 165). Transnational studies of office rental performance were scarce 
until the 1990s. The improvement in research partially was driven by investors and occupiers 
adopting increasingly multinational strategies (Giussani et al, 1992). McDonald (2002) 
alleges that another factor was the construction of a disastrous oversupply of office space in 
the late 1980s that generated a requirement for enhanced methods of analysing and 
forecasting office market movements. The oversupply that occurred in the U.S. during the 
late 1980s and early 1990s was described as probably ‘the largest private resource 
misallocation in the U.S. economy during the post-World War II period’ (Mills, 1995:56). 
Kummerow (1999) suggests that this oversupply was the result of faulty data and poor 
forecasts of supply, demand, rents and values. In 1990, 1.45 billion sq.m. of office space was 
denoted as excess capacity. Significant research has taken place analysing movements in 
office markets since then (McDonald, 2002). Researchers have developed various models and 
methods to explain the determinants of office rental levels. The explanatory variables have 
varied within these studies however the focus has been on office supply, employment and 
GDP. Other variables that have been considered include interest rates, forecasts of GDP and 
economic uncertainty. Data accessibility has been highlighted as the number one limitation of 
these studies (Dobson and Goddard, 1992; Giussani et al, 1992; Hendershott, 1999; Slade, 
2000; Mouzakis and Richards, 2007; Brounen and Jennen, 2009b; McCartney, 2012), 
however the availability of accurate and consistent data is improving over time. The 
variables, methodologies, findings and conclusions of previous research on the subject area 
are discussed in this literature review.  
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2.2 Choice of variables 
2.2.1 The supply of office accommodation 
One of the most influential factors found to affect rental levels is vacancy rates (Hekman, 
1985; Torto and Wheaton, 1988; Machi et al, 1991; McCartney, 2010). In general, theory 
states that rents and vacancy rates adjust simultaneously to clear the market. Growth in office 
stock leading to an increase in office supply should have a negative impact on rental growth, 
assuming all else is the same (McCartney, 2010). De Wit and Van Dijk (2003) found that an 
increase in office stock or in the vacancy rate had a negative impact on rents in their study 
covering 46 office districts in Asia, Europe and the U.S. using quarterly data from 1986 to 
1999. Brounen and Jennen (2009b) also found the change in prime rents in premier tier 
European cities to be statistically negatively correlated at the one percent level with change in 
total office stock. Interestingly, the authors carried out a parallel study using second tier cities 
in place of premier tier cities and the relationship between the change in prime rents and the 
change in total office stock and in the vacancy rate in these cities was found to be statistically 
insignificant. Giussani and Tsolacos (1993) looked at two supply side variables, the levels of 
new orders for office space was the first variable considered and was found to be negatively 
correlated with office rents; high levels of new orders in one period led to lower levels of 
office rents in subsequent periods. Increases in new orders in the past may lead to higher 
levels of new space coming onto the market in subsequent periods so the negative correlation 
observed concurs with the general theory that an increase in supply leads to a decrease in 
price. The second variable was the index of market conditions which found that the level of 
profit between tender prices and building costs is significantly positively correlated with 
office rental levels.1 Costs of development were likely to be passed on to the tenant in the 
form of higher rents.  
Length of construction process 
McDonald (2002) observes that the longer the process of construction the greater the 
probability of overbuilding. This is understandable as during the development process the 
office market’s demand / supply equilibrium may change, hence the longer the process, the 
more time the market has to change. Grenadier (1995) develops a model of a real estate cycle 
that demonstrates the possibility of rationale led, rather than myopia led, overbuilding. This 
occurs when owners of new supply voluntarily hold their vacant office building until the 
                                                          
1 The index of market conditions was measured by the difference between tender prices and building costs.  
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market reached the expected level of improvement. Furthermore, Shilling et al (1987) and 
Grenadier (1995) point out that demand volatility increases the probability of overbuilding 
because greater volatility means that any excess capacity will be more valuable in the future. 
This provides another example of rationale led overbuilding. In reality it is questionable as to 
whether the overbuilding can stem from rational thinking considering the significant landlord 
costs associated with holding a vacant office building. D’Arcy et al (1997) and D’Arcy and 
Keogh (1998) highlight the importance of lease structures and obligations of occupation in 
rental determination which vary considerably among different European countries. A 
landlord’s propensity to hold a vacant office building until achievable rental levels improve 
will depend on the market terms of a lease. If long term leases are standard practice the 
landlord will be more likely to hold out in order to avoid being tied into a long lease at a low 
rent. If short term leases are achievable it is logical that the landlord would find a tenant to 
occupy the space on a short term basis to cover void costs. This would still give the landlord 
the opportunity to renegotiate the rent at the end of the short lease and avail of the expected 
higher market rent (Hendershott et al, 2002a).          
Rental growth sensitivity when vacancy rates are low 
McCartney (2012) outlines and analyses a number of further hypotheses in his study of the 
short and long-run rent adjustment in the Dublin office market. He assesses rental growth 
sensitivity to demand shocks when the vacancy rate is low.2 The results of McCartney’s 
hypothesis provide qualified support for the suggestion is that as supply falls, rental growth 
becomes more sensitive to demand shocks. Similar results are found in Englund et al (2008), 
Brounen and Jenne (2009a) and Hendershott et al (2010). McCartney (2012) explains that as 
it is not possible for vacancy rates to dip below zero and so it follows that the pace of rent 
may have to adjust at a faster rate as vacancy levels approach zero in order to clear the 
market.  
2.2.2 Measures of economic activity 
There is an argument as to which output based measure of economic activity is the best 
indicator of office demand. Some of the measures are detailed in this section. 
 
                                                          
2 Google’s decision to locate their EMEA headquarters on Barrow Street may have caused a demand shock in 
Dublin’s south docks. 
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GNP 
In McCartney’s (2012) study of the Dublin office market he finds that office demand is quite 
sensitive to overall economic activity. He asserts that GNP exhibits the strongest relationship 
with office rents having considered Gross Value Added (GVA), Gross Domestic Product 
(GDP) and Gross National Income (GNI). His theoretical argument is based on the fact that 
GDP can provide an upwardly biased indicator of office demand. This stems from a study by 
Barry (2005), which argues that multinational profits in a low corporation tax economy may 
be inflated by transfer pricing. This is a particularly significant factor for McCartney (2012) 
because the study is based on Dublin alone, where a substantial amount of MNCs are 
situated. GNP does not include net factor flows which McCartney (2012) highlights as a 
limitation because ignoring multinational profits may understate office demand. GNI is 
dismissed as similar to GNP. McCartney’s 2010 study claims that GNP growth should lead to 
real rental growth because it is ultimately expected to lead to an increase in demand for office 
space. Results from McCartney’s (2012) tests analysing GNP growth and rents indicate 
statistically insignificant results. However, he suggests that this may be due to data 
limitations particularly the small number of observations.  
GVA 
Mouzakis and Richards (2007) use GVA as their economic variable. Specifically, they use 
local level GVA for market services which they claim provides the ‘income’ variable and is a 
key determinant of demand and the standard measure of economic output used by Eurostat.  
Furthermore, the authors argue that GVA is the most consistent measure of office-based 
service activity at the city region level available across Europe.  
GDP 
Results from the empirical office studies of Hekman (1985), Gardiner and Henneberry (1988, 
1991), Giussani et al (1992), Giussani and Tsolacos (1993), D’Arcy et al (1997), Hendershott 
et al (2002a) and De Wit and Van Dijk (2003) found GDP to be a positive influence in the 
determination of prime office rental levels. A seven year study carried out by Gardiner and 
Henneberry (1988, 1991) across regions of the UK found GDP to be the most significant of 
all the demand-side measures included in the analysis. The other demand-side measures 
comprised regional service sector employment, unemployment and average income. Giussani 
et al (1992) assessed the determinants of office rental values from 1983 to 1991 in major 
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cities in the UK, France, Portugal, Germany, Sweden, Switzerland, Italy and the Netherlands. 
The study regressed each independent variable individually against the percentage change in 
real office rents. Real GDP accounted for 40 percent of the observed variation in real office 
rents across the countries listed above. The results indicate that a 1 percent increase in GDP 
resulted in a 5.4 percent increase in real office rents. It is found to be significant in all cities 
with the exception of Stockholm. The authors comment that a possible explanation for this 
exception may be the fact that office rental values in Stockholm show a consistent downward 
trend after a peak in 1986 which is inconsistent with all nine other cities. GDP is found to be 
less of a determinant over the first half of the study as the corresponding value for the period 
1987 to 1991 was stronger for the four years at 6.4 percent. Giussani et al (1992) suggest that 
improved economic conditions experienced during the late 1980s may have caused excess 
demand in the office market. This change in the degree of influence of the independent 
variable from the first half of the study to the second half of the study is also evident in the 
case of unemployment. Overall it appears that GDP is the most suitable output variable to 
explain rental movement as it is found to be an important variable in the numerous 
international studies discussed above. 
2.2.3 Employment 
Theoretically, service sector employment should be positively correlated with the demand for 
office space (Giussani et al 1992; Brounen and Jennen, 2009b). This is logical as most 
service sector companies operate from offices, Giussani et al (1992) emphasises that the 
labour intensive nature of the service sector in particular should mean that a direct 
relationship exists between additional employment in the service sector and demand for 
office space. Total service sector employment was not, however, found to consistently 
explain variations in real office rents in their study. This correlation should extend to general 
employment which Hendershott et al (1999) use as a proxy for demand for office space, 
however this study does not deal directly with the relationship between employment and 
rental levels.3 In a study carried out by Dobson and Goddard (1992) covering 15 years they 
found that employment levels were not influential on office rental levels but did show 
varying degrees of influence on rents in other property sectors. An argument is made that 
output better determines the demand for office space compared with employment alone. 
Mouzakis and Richards (2007) consider output instead of employment alone to be a better 
                                                          
3 Hendershott et al (1999) state that employment is only a proxy for demand for office space, which also 
depends upon the floor space per worker. 
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proxy for demand for office space. Their theory is that increased productivity leads to 
increased profits for the firm which makes office space more affordable.   
2.2.4 Interest rates 
D’Arcy et al (1997) include interest rates as a variable in their study in order to capture the 
impact of changes in monetary policy on the office market. The authors felt that this inclusion 
was important due to the influence on economic conditions and therefore on the demand for 
office space. According to McCartney (2010) the dampening effect of a rise in real interest 
rates on economic activity reduces office demand and therefore reduces rental growth. 
Contradictory to McCartney’s (2010) findings six out of the ten countries studied by Giussani 
et al (1992) conform to Dobson and Goddard’s (1992) findings that real interest rates have a 
positive relationship with office rental values along with all other commercial rental values 
covering the period from 1972 to 1987. The seventh city, London, resulted in a negative 
coefficient. As an inverse relationship between rents and the rate of interest is well 
documented in previous studies the authors conclude that the six countries that showed a 
positive relationship are incorrectly signed. The study carried out by Giussani et al (1992) 
detailed earlier found that interest rates did not consistently explain variations in real office 
rents across countries rendering the relationship between interest rates and rental levels 
inconclusive. De Wit and Van Dijk (2003) attribute this to possible data limitations; however 
they do not include interest rates in their study which is detailed below. 
2.2.5 Inflation 
Real estate investment is widely known to provide an effective hedge against inflation. Many 
of the previous studies on the determinants of office rents use inflation adjusted data and 
therefore do not examine the relationship between inflation and prime rental values. Machi et 
al (2001) study a portfolio of real estate in the US market from 1977 to 1989. They find that 
in times of high inflation landlords of office buildings comprising good covenants could pass 
on increased costs resulting in higher nominal revenues. However, it is argued that this 
effectiveness of real estate as a hedge against inflation is diminished in periods of market 
imbalance. When overbuilding occurred it led to high vacancy rates and thus a decline in 
returns. At times of market imbalance the inflation hedging effectiveness is reduced. Inflation 
will logically have an effect on nominal new prime office lease rents but Machi et al (2001) 
find that high inflation may actually lower returns when it occurs alongside a market 
imbalance because of rising expenses. It is important to remember that this study is focussing 
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on ‘returns’ rather than prime rent alone and therefore the interpretation is slightly different. 
Results from De Wit and Van Dijk’s (2003) study of office returns and rents across Asia, 
Europe and the U.S.A. indicated that the change in inflation had no direct influence on rents. 
The authors acknowledge that nine of the explanatory variables were significantly correlated 
with each other and therefore multicollinearity may be an issue in the model. 
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2.3 Other considerations and influencing factors 
2.3.1 The Natural Vacancy Rate 
Many empirical studies surrounding office rents use a broad measure of supply. Rosen 
(1984), Shilling et al (1987), Wheaton (1987), Wheaton and Torto (1988), Giussani et al 
(1992), Hendershott (1995), D’Arcy et al (1997), Krainer (2001), Hendershott et al (2002) 
and McCartney (2010) highlight the importance of considering the Natural Vacancy Rate 
(NVR) or the equilibrium vacancy in an office market. McCartney (2010) states that the most 
important factor in predicting turning points in the rent cycle is the difference between the 
actual vacancy rate and the NVR. The NVR accounts for two forms of vacancy, the first is 
frictional vacancy where a building is between lettings and the second is where landlords are 
holding off on letting their building in the hope that they will achieve a higher rent than what 
is currently on offer. Giussani et al (1992) states that where the actual vacancy rate is lower 
than the natural vacancy rate it indicates high demand conditions and is reflected by a higher 
level of rents. If vacant space is greater than the market’s NVR it causes downward pressure 
on rents (McCartney, 2010). Both authors compare the office market to the labour market and 
refer to the NVR as analogous to the natural rate of unemployment. In McCartney’s (2012) 
study he found that the lagged vacancy rate was negatively signed and significant at 5 percent 
indicating that when supply tightens beyond the NVR it puts pressure on rental levels and 
vice versa. He acknowledges that the formula for the NVR suggests a rate of less than 1 
percent and the possibility of zero at stages throughout his study which are implausible 
results and suggest that the model requires further development. Studies indicate that the 
NVR in European office markets is typically between 5 and 10 percent. Standard econometric 
practice is to model the NVR as a constant (Ball, et al, 1998 and Fischer and Tse, 2003). 
However, Shilling et al (1987) and McCartney (2010) find that the NVR of a particular 
market can shift over time. In Dublin, for instance, the NVR underwent a structural shift from 
5.2 percent during the period 1978-1998 to 15 percent from 1999 to 2009. McCartney (2010) 
identifies the factors influencing frictional vacancy as lease length, rate of new construction, 
GNP growth, average lot size, elasticity of supply and real interest rates. The factors 
influencing a landlord’s propensity to hold vacant space are identified as heterogeneity of 
occupier and office stock, GNP growth, revisions mechanism, revisions frequency and real 
interest rates.  
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Another form of vacancy that is difficult to account for in empirical workings is 
obsolescence. This occurs in older buildings that have not been upgraded by their landlords 
and over time have become physically or functionally obsolete to some extent. This is more 
likely to occur in a poor economic climate when landlords have difficulty accessing capital 
(CBRE, 2012c). 
2.3.2 Economic uncertainty  
Coddington (1982), Giussani et al (1992) and Giussani and Tsolacos (1993) incorporate 
economic uncertainty as a variable in their analysis of rental values. The spread of changes in 
GDP over successive quarters is used to measure economic uncertainty in research conducted 
by Giussani and Tsolacos (1993) and it is found to have a clear and significant negative 
relationship with office rental values in the UK. Giussani et al (1992) summarises the link to 
the relationship between uncertainty and demand for commercial property as beginning with 
a reduction in consumer spending, which leads to a decline in the demand for goods and 
services, which in turn results in a reduction in output in these sectors. Surplus capacity then 
has to be corrected through industrial rationalisation in the form of corporate restructuring 
and a deferment of capital investment. Business occupiers become under pressure to reduce 
their operating costs hence investment in additional space declines. This occurs alongside an 
upturn in rationalisation and bankruptcies which will increase the availability within already 
existing stock. Gardiner and Henneberry (1991) add that although this is the logical cycle, 
office occupiers may be reluctant or slow to adjust their demand for space where uncertainty 
exists about the permanence of economic changes.  
2.3.3 Location appeal  
There are many characteristics of a market or region that may make it particularly attractive 
to potential occupiers thus having a positive effect on prime rental values. Ireland, for 
example, and particularly Dublin, has proven to be a very attractive location for large multi-
national corporations (MNCs). The overriding attractive feature is the very competitive 
corporation tax rate of 12.5 percent.  This is compared with 21 percent in the UK, 29.58 
percent in Germany, 33.99 percent in Belgium and 33.33 percent in France. Competition 
among countries has become apparent over the past number of years as the UK’s rate has 
lowered from 30 percent in 2008 down to 21 percent in 2014 (KPMG, 2014). The savings 
that a company achieves on corporation tax may outweigh a comparatively high rent per 
sq.m. MNCs tend to be more ‘footloose’ in contrast and are drawn in by factors such as 
Chapter 2: Literature review 
 
12 
 
attractive tax structures and availability of a highly educated labour force. Demand for office 
space in Ireland is more elastic to price changes compared to the London market. As at 2012 
Ireland had the second highest concentration of Foreign Direct Investment (FDI) in Europe, 
following Luxembourg (McCartney, 2012). 
The formation of sector hubs such as the technology hub in Silicon Valley, the financial 
services centre in Dublin or energy sector hubs in Rio de Janeiro and Caracas can be another 
cause of increasing levels of office rents in a region (CBRE, 2013a).  
McCartney (2012) highlights London as one of the most important cities in the world with 
distinct locational advantages that few other markets can replicate. This means that demand 
for office space in London is to some extent inelastic to price changes. He reiterates 
Hendershott et al’s (2002) point that the majority of occupiers in London are large firms with 
locationally sensitive space requirements. London West End and Paris Ile-de-France are the 
two most expensive markets in Europe and have positioned themselves in the top ten most 
expensive office markets across the globe for some time now (CBRE, 2014c).  
Other factors that may allow a country or location to demand comparatively high prime rental 
levels include availability of labour, house prices, transport links, lease structures and 
availability of accommodation (Dobson and Goddard, 1992; CBRE, 2010b). Typical lease 
terms are detailed in Table 1. 
2.3.4 Volatility and market practices 
Prime office rents can experience varying degrees of upward and downward trends over time. 
As can be seen from Figure 1, London West End and Dublin experience extreme cycles. In 
2000 prime office rents in Dublin were running at an average premium of approximately 25 
percent over competing cities such as Manchester, Birmingham, Edinburgh, Glasgow, Belfast 
and Amsterdam. This rocketed to an average premium of approximately 65 percent at the end 
of 2008 and by Q1 2012 prime rental levels suffered the most significant decline in headline 
quoting rents of the cities listed above (CBRE, 2010b; CBRE, 2013a). This dramatic cycle is 
not reflective of the experience across other cities globally. Brussels, Berlin, Manchester and 
Birmingham undergo much less volatile cycles and the office market in Paris appears to fall 
somewhere in the middle in terms of volatility. Studies have shown that previous rental levels 
have a significant influence on on-going rental levels within a particular region (Gardiner and 
Henneberry, 1991; Dobson and Goddard, 1992; De Wit and Van Dijk, 2003). In Dunse and 
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Jones’ (1998) hedonic analysis of the office market in Glasgow they apply a formula 
suggesting that the individual attributes of rent are location, physical accommodation and 
tenure rights. Mills (1992) claims that potential occupiers will look beyond the first year rent 
and discount all future rental payments to form their opinion; thereby making the terms of a 
lease an important factor.  
Figure 1: Graph of prime rents Q1 2001 – Q1 2014  
 
Source: CBRE research 
 
Table 1: Typical lease terms as at Q1 2014 
City Typical lease length Typical rent-free period 
Brussels 3/6/9 years 1 year secured 
Paris 3/6/9 years 4.5 – 12 months 
Dublin 10 years  18 months 
Berlin  5+5 years 1 – 2 months  
Birmingham 10 year with 5 year break 36 months 
London West End 10 years 18 – 21 months 
Manchester 10 years  24 – 30 months 
Source: CBRE, 2014d 
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2.3.5 Speed of response   
The response to an economic or supply change can vary in speed and duration across office 
markets. Mouzakis and Richards (2007) found that London, Madrid and Stockholm showed 
significantly higher long-run rental growth sensitivity to changes in the explanatory variables, 
namely ‘local market services output’ and ‘total office stock’ compared with Berlin, Brussels, 
Dublin, Frankfurt, Paris, Amsterdam, Milan, Vienna and Rome. Further analysis concludes 
that the speed of response of rental levels to changes in the explanatory variables in London, 
Amsterdam, Dublin and Madrid is quick while Berlin, Milan and Rome exhibit greater short 
term rental growth persistence and respond more slowly. Results that go against general 
theory of the impact of a change in supply on rental levels are evidenced in Hendershott et al 
(2002a; 2002b) and in Mouzakis and Richards (2007) where Milan, Berlin and Paris 
experience rental growth for a period following short-term increases in development before 
this increase in supply negatively impacts rental levels and the long run equilibrium is re-
established. Many of the empirical studies carried out on the determination of rental values 
experiment with lags in order to assess reactions to economic and supply changes. Some 
studies including D’Arcy et al (1997) experiment with lags of up to and beyond three years to 
find the greatest impact in determining office rental values. 
Rental growth sensitivity to positive versus negative demand shocks 
A hypothesis in McCartney’s (2012) study of the Dublin office market is that rents should in 
theory be more responsive to a positive demand shock compared with a negative demand 
shock. Provided supply is available a tenant can immediately lease space when demanded. If 
the opposite is the case and space occupied by the tenant is found to be no longer necessary, 
the tenant may be prevented from off-loading space immediately due to lease contract 
obligations and / or a lack of demand for subletting / assignment. Surprisingly, results from 
this hypothesis suggest that the opposite is in fact the case; rents are found to react more 
strongly to negative demand shocks. McCartney suggests that positive demand shocks are 
neutralised by parallel surges in supply or that Dublin office occupiers react cautiously to 
improved economic conditions. 
2.3.6 Submarkets  
It is important to remember that many of the studies carried out on this topic use data that 
may not be at all reflective of the entire office market. Giussani et al (1992) use rental data 
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defined as ‘prime’ rents which are described as the best offices in the best locations. The 
authors point out that rental values in this particular office class may be less susceptible to 
economic cycles, that is, prime rents may be less affected by changes in the economic climate 
of a city or country. An EMEA wide report carried out by CBRE (2012b) includes data that 
shows that significant fluctuations do occur in prime rental levels within cities over time but 
this is not necessarily as a result of changes in economic circumstances.4 Mouzakis and 
Richards (2007) empirical study on prime rents, GVA and total floor space across eight major 
European cities clearly indicates that the economic climate in a particular market does in fact 
impact on prime rents. It is logical that a relationship should exist between prime, secondary 
and tertiary rental levels to varying degrees. Most of the empirical research carried out to date 
uses prime rents as the dependent variable therefore the impact on these submarkets remains 
broadly unexplored.  
 
                                                          
4 Changes in prime rental levels were found to be between 26 and 150 percent using time periods of between 5 
and 25 years (CBRE, 2012b). 
Chapter 2: Literature review 
 
16 
 
2.4 Methodological challenges 
There are certain aspects of the office market that are difficult to quantitatively account for 
due to the highly technical nature of econometric studies. Many of the studies discussed 
throughout this chapter encountered varying degrees of methodological challenges. These 
include transactional transparency and consistency, market practice changes and effective 
rents. Taking account of these issues help to explain the results and are discussed in 
Appendix A.    
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2.5 Conclusion  
Numerous investigations have been carried out on the determinants of office rental levels. 
There is widespread consensus that the level of office supply and the economic situation of 
the corresponding geographic area have a statistically significant influence on the level of 
rents in the market. It is further acknowledged in certain cases that national economic data 
has a greater impact compared with local economic data on the local market office rents. 
Office market practices are ever evolving in terms of space efficiencies and demands from 
occupiers. These factors can prove difficult to account for accurately in an empirical study. 
Common limitations within the empirical studies are data consistency and availability 
(Giussani et al, 1992; Slade, 2000; Brounen and Jennen, 2009b; McCartney, 2010). A further 
observation is that many of the studies use annual data rather than quarterly data which 
means that a quick response to a change in the explanatory variables will not be captured. It 
would prove interesting and informative to conduct similar research using consistent 
quarterly data from a reliable source across a number of European city’s office markets. The 
research undertaken and reported in the following chapters is informed by the variables, 
methodologies and limitations discussed above.  
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Chapter 3: Methodology and data description 
At the outset of this study various approaches to analysing the determinants of office rental 
levels were considered. Qualitative research was ruled out as inappropriate for the given 
topic. Instead, a quantitative empirical analysis based on existing theory of the relationship, 
would provide new evidence to add to existing literature on the subject. Regression analysis 
would provide a simple, objective approach to the analysis across a number of European 
cities. SPSS enabled correlation and regression analyses to assess these impacts and 
relationships.5 As a result, this was desk based research and interviews or surveys were not 
necessary to carry out the study. The steps taken are outlined below.  
3.1 Data Collection 
The property data was gathered from chartered surveyors, CBRE, for the seven selected cities 
to form both independent and explanatory variables in this study. Economic data was 
gathered from Datastream for each country to provide further independent variables for the 
model. The aim of this empirical study was to assess the impact of these independent 
variables on prime office rental values. The study contains data at a quarterly frequency over 
a 13 to 14 year period from Q1 2000 / Q1 2001 to Q1 2014 providing between 53 and 57 
observations in total, depending on the particular city. 
3.2 Preliminary data analysis 
Preliminary data analysis was carried out for each of the seven cities in order to provide a 
basic understanding of trends in office rental values in these markets. The prime rental values 
and percentage change in rental values over the period were graphically presented. This was 
carried out on a city by city basis for observational purposes and can be viewed in Appendix 
B. 
3.3 Correlation analysis 
A correlation analysis was carried out on a city by city basis between the dependent variable, 
and each of the independent variables. The correlation coefficient is a measure of linear 
dependence between two random variables that does not depend on units of measurement and 
is bounded between -1 and 1, the tendency of two variables to move either in tandem or in 
                                                          
5 SPSS is a statistical software package. 
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opposition to each other. Values of -1 indicate perfect negative correlation while values of +1 
indicate perfect positive correlation.6 Correlations of zero indicate that the returns on the two 
variables are unrelated to each other (Bodie et al, 2003; Woolridge, 2003). Correlation 
analysis was carried out contemporaneously and with the independent variables lagged by 
three months (lag 1) and by six months (lag 2). The lags were experimented with in order to 
determine which resulted in the closest and most significant correlation with the independent 
variable.7 The findings of the correlation analysis were used as a basis for building the 
multiple regression analysis models.  
3.4 Ordinary Least Squares Regression Analysis  
An ordinary least squares (OLS) regression was carried out on a city by city basis. The initial 
model examined for each country consisted of the variables that were statistically significant 
in the correlation analysis, generally at 5 percent cut-off point but in certain scenarios 
detailed in Chapter 4 variables just outside this level were also included. This is in keeping 
with common practice; 10 percent is generally the highest cut-off point.8 Diagnostic tests 
were carried out on the model to test the appropriateness of the functional form. The tests 
included R-Squared, adjusted R-Squared, Durbin Watson, Histogram and PP Plot, which are 
discussed in further detail later in this chapter. The results of the conducted tests together 
with the results of the regression were required. A constant was included in the model and it 
was estimated using an ordinary least squares regression. In order to assess which of the 
regression models were the best fit the following aspects were taken into consideration: 
3.4.1 Structural Breaks 
Time breaks were experimented with to assess whether this would produce a more robust 
model. Structural shifts can occur in a model when economic conditions / circumstances 
change dramatically. Economic theory would suggest that a structural shift may have 
occurred in models around the time of the economic downturn in 2007 / 2008. Ireland was 
                                                          
6 Perfect positive correlation is the strongest possible tendency for two variables to move in tandem while 
perfect negative correlation is the strongest possible tendency for two variables to vary inversely. 
 
7 It is acknowledged that a one year lag or possibly longer may be necessary in some instances for a relationship 
to be realised. However, as the data for the study was at a quarterly frequency and the number of observations 
diminish with each lag limiting the lags to six months was thought to be the best approach. 
 
8 Where significant correlations were observed at more than one interval, for example contemporaneously and at 
lag 1, the most significant of these were included in the regression model. 
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arguably the most affected country so the data for Dublin was experimented with to see 
whether a time break would provide a better model. This was done by adding a binary (or 
dummy) variable to the model.9 Eight possible breaks were experimented with on a quarterly 
basis from Q1 2007 to Q4 2008. However, the binary variables were highly significantly 
correlated with the independent variables indicating that multicollinearity would be an issue 
if a structural break was allowed for in the model. As a result time breaks were not included 
in the final model for any of the cities examined. The correlation table is included in 
Appendix C. 
3.4.2 Multicollinearity 
Multicollinearity arises when strong correlation occurs among the independent variables. It 
reduces the individual impact of the variables and may cause them to be individually 
statistically insignificant when included together in the model (Studenmund, 2006).10 A 
simple method of testing for multicollinearity is to examine the correlation coefficients 
between the explanatory variables. When carrying out the regressions for this study, models 
that produced statistically insignificant independent variables prompted a multi correlation 
analysis to determine whether multicollinearity was an issue. Subsequent actions taken are 
detailed in Chapter 4. 
3.4.3 Serial / auto-correlation 
First order serial correlation, which is the most common form, can be interpreted as meaning 
that the value of one observation of the error term directly affects the value of the next 
observation of the error term. If serial correlation is an issue in the model this typically results 
in an underestimation of the size of the standard errors of the coefficients which means that 
the t-scores of the estimated coefficients are typically overestimated, this can lead to the 
inclusion of an irrelevant variable in an equation.11 Serial correlation results in biased and 
unreliable hypothesis testing. The Durbin-Watson (DW) statistic tests the null hypothesis that 
the residuals from an OLS regression are not serially correlated against the alternative that the 
                                                          
9 Such variable can only take two values, 0 and 1. It is useful for quantifying a concept that is inherently 
qualitative like gender, or in this case to account for ‘before’ and ‘after’ a certain period. 
 
10 It is almost impossible to find a set of explanatory variables that are totally uncorrelated with each other 
therefore the emphasis is on trying to find out how much multicollinearity exists in an equation rather than 
whether or not any exists. There are no widely accepted statistical tests for multicollinearity however many 
informal methods have been developed without critical values or levels of significance. 
 
11 Value used to test the hypothesis that the true value of the coefficient is different from zero.  
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residuals follow a first order autoregressive process, that is, they are serially correlated. The 
DW statistic ranges in value from 0 to 4. The target figure depends on the chosen significance 
level, the number of variables and the number of observations. DW tables are widely 
accessible and lay out the upper and lower bands for each scenario. In general, a value near 2 
indicates non-autocorrelation, a value toward 0 indicates positive autocorrelation while a 
value toward 4 indicates negative autocorrelation (Woolridge, 2003). The DW value for each 
of the best fit regression models in the study are detailed in Chapter 4 and a summary is 
provided at the end of Chapter 4. 
3.4.4 Normality  
The sampling distribution of the OLS estimators depends on the underlying distribution of 
errors. The ‘normality assumption’ assumes that the unobserved error is normally distributed 
in the population. Most estimators encountered in statistics and econometrics can be written 
as functions of sample averages, in which case we can apply the law of large numbers and the 
central limit theorem (CLT). The CLT is one of the most powerful results in probability and 
statistics. It states that the average from a random sample for any population (must have a 
finite variance) when standardised, has an asymptotic standard normal distribution. The 
probability distribution approaches normal distribution as N increases. Values of N larger 
than 20 or 30 are sufficient for the normal distribution to provide an acceptable 
approximation.12 As this study contains a minimum of 53 observations the CLT applies and it 
is acceptable to assume normal distribution (Woolridge, 2003; Studenmund, 2006). 
Histograms and P-P plots are produced for each of the regression analyses to graphically 
present the distribution of the errors.13 
                                                          
12 N: number of observations. 
 
13 The histogram is a graphical analysis of frequency distribution of the sample data. It is purely for visual 
inspection and has no precise quantitative measure. However, if the data is normally distributed, the histogram 
should appear bell-shaped and resemble the normal distribution. This is more informative and easier to analyse 
when there is a large number of observations. 
The P-P plot compares an empirical cumulative distribution function of a variable with a specific theoretical 
cumulative distribution function, which in this case is the standard normal distribution function. It is a 
scatterplot of the standardized data on the horizontal axis against the specific theoretical distribution on the 
vertical axis. If the data points stray from the line in a linear or non-random manner then the data are not 
normally distributed (Woolridge, 2003). 
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3.4.5 Goodness of fit 
R-Squared 
In a multiple regression model, the R-Squared is interpreted as the proportion of the total 
sample variation in the dependent variable that is explained by the independent variables. A 
value of R-squared that is nearly equal to zero indicates a poor fit of the OLS line. The higher 
the R-Squared, the closer the estimated regression equation fits the sample data. A low R-
Squared in social science regression equations is not uncommon and it is important to 
remember that a seemingly low R-squared does not necessarily mean that the OLS regression 
equation is useless (Woolridge, 2003). A model can often be useful even if it only explains a 
small proportion of the variance in a dependant variable. The highest possible R-Squared is 
1.00, the lowest possible is 0. There is no simple method of determining how high R-Squared 
must be for the fit to be considered satisfactory. R-Squareds that are particularly high in 
social science should be viewed with suspicion as it can be an indicator of an inappropriate 
model form (Studenmund, 2006). 
Adjusted R-Squared 
The adjusted R-Squared is a goodness-of-fit measure similar to the simple R-Squared 
however in a multiple regression analysis the adjusted R-Squared penalizes additional 
explanatory variables by using a degrees of freedom adjustment in estimating the error 
variance (Woolridge, 2003). A key issue with the R-Squared is that adding another 
independent variable to a particular equation can never decrease the R-Squared. The adjusted 
R-Squared will increase, decrease, or stay the same when a variable is added to an equation, 
depending on whether the improvement in fit caused by the addition of the new variable 
outweighs the loss of the degree of freedom. As a result particular significance was given to 
the value of the adjusted R-Squared in the regression models. The highest possible adjusted 
R-Squared is 1.00; if the R-Squared is extremely low, the adjusted R-Squared can be slightly 
negative (Studenmund, 2006).  
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3.5 Choice of cities 
The study is based on statistics from seven European office markets namely London West 
End, Paris Ile-de-France, Berlin, Brussels, Dublin, Birmingham and Manchester. A number 
of issues were considered in the selection of the cities for this study. Europe provides an 
interesting platform to study the dynamics of different office markets across cities with a 
range of similar and contrasting characteristics. Access to a proprietary data source with 
detailed statistics dating back to 2000 / 2001 provided an opportunity to analyse such markets 
with a view to increasing our understanding of the links and drivers of rents in these markets. 
A summary of the selected city’s characteristics are presented in Appendix B. 
City size and importance 
Germany is the largest economy and the driving force in Europe, therefore its capital, Berlin, 
was included in the study (Sentence, 2014). Paris and London were included to represent two 
of the largest, most mature and expensive office markets among the capital cities of Europe. 
Dublin and Brussels were chosen to represent two of the smallest capital cities in Europe, 
both with strong office markets. In CBRE’s (2010b) report on competing office markets, 
Dublin is grouped with cities including Manchester and Birmingham based on information 
provided by relocating corporate entities. These two cities were included to provide 
interesting comparisons with each other and with Dublin.   
Occupancy costs 
London West End and Paris should potentially provide interesting comparisons as two of the 
world’s most expensive office markets. These were the only two European cities to be listed 
in the top ten in DTZ’s (2014) global office occupancy costs for 2012 and 2013. Berlin, 
Dublin, Brussels and Manchester are on comparable levels with one another, listed as 42nd, 
43rd, 47th and 48th most expensive cities respectively in DTZ’s global occupancy costs at the 
end of 2013. Birmingham was listed 61st most expensive in global occupancy costs at the end 
of 2013.  
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Take-up volumes 
Central Paris and London West End exhibit the highest volume of take-up in Europe 
respectively in 2013 and were within the top three in 2012 with volumes between 1,200,000 
and 1,600,000 sq.m per annum. Berlin and Brussels exhibit comparable levels of take up to 
each other for 2012 and 2013 with volumes between 300,000 and 500,000 sq.m per annum. 
Dublin, Manchester and Birmingham fall into a smaller bracket experiencing take up of 
between 50,000 and 200,000 sq.m. per annum for 2012 and 2013 (DTZ, 2013; BNP Paribas, 
2014). 
Lease structures 
The seven cities fall into three separate groups of lease structures. In the past, 25 year leases 
were common practice in the UK and Ireland but these have trended towards the European 
norm of shorter term leases. Dublin, London, Manchester and Birmingham’s typical lease 
length now stands at ten years (CBRE, 2014c and DTZ, 2014).14 Shorter term leases became 
more prevalent during the economic downturn from 2007. Occupier uncertainty and a lack of 
economic confidence led to tenants demanding shorter and more flexible leases. Tenants had 
the upper hand in negotiations with landlords so succeeded in transforming the office lease 
structure. Paris and Brussels operate 3/6/9 year leases where tenants (only) have the option to 
break the lease at the end of year 3 or 6. In Paris, the tenant has a statutory right to renew the 
lease at expiry (DTZ, 2014b). A 5+5 year lease is standard office market practice in Berlin 
and Germany in general. This lease is a five year lease with an option for the tenant to extend 
for a further five years at expiry of the first five. The tenant does not have statutory rights at 
expiry of ten years. 
Rental patterns over the period of the study 
London, Paris, Berlin, Dublin and Birmingham experienced negative rental growth in the 
early 2000s. This was followed by positive rental growth from late 2004 to the end of 2007, 
at which point increases steadied off and decreases began to creep in, starting in Paris and 
following to all other cities with the exception of Manchester in late 2008. Manchester 
provides a representation of a closed, self-functioning economy. Prime rental patterns in this 
city did not experience any negative growth over the course of the study. They tended to 
increase in line with the timing of the other cities in the study and steady off at periods when 
                                                          
14 Birmingham’s typical lease incorporates a break at the end of year five (CBRE, 2014c and DTZ, 2014). 
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the other city’s levels were decreasing. Berlin was the only city to experience no uplifts in 
prime rental levels from the beginning of 2001 up until the middle of 2007 and again towards 
the end of 2008 when the other cities (with the exception of Manchester) were beginning to 
decrease. London, Paris and Dublin experienced similar rental patterns throughout the study; 
the main observed difference is Dublin’s slower journey to recovery following the 2007 
crash. Prime rental growth can be seen in both London and Paris from Q1 2010 but not 
experienced in Dublin until Q1 2013. London and Paris are two of the largest, most active 
office markets in Europe and the fact that Dublin follows their trends is reflective of its open 
economy and the influence of trends in larger neighbouring economies. 
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3.6 Dependent variable 
The dependant variable in this study is prime rental levels. The data used for this study is in 
the form of the percentage change quarter-on-quarter.15  
For the purpose of this study prime rent is defined as the top open-market tier of rent that 
could be expected for a unit of standard size commensurate with demand in each location, of 
highest quality and specification and in the best location in a market at the survey date. Prime 
rent should reflect the level at which relevant transactions are being completed in the market 
at the time.16 It should represent the typical “achievable” open market headline rent which a 
blue-chip occupier would be expected to pay for: 
? an office unit of standard size commensurate with demand in each location, typically 
1,000 sq.m.; 
? an office unit of highest quality and specification within the local market; 
? an office unit within the prime location (Central Business District, for example) of a 
market. 
It is assumed that the occupier will also be agreeing to a package of incentives that is typical 
of the market at the time.17 This may cause discrepancies between the findings of this study 
and how the market actually reacts to changes in the independent variables. Often, incentives 
react more quickly than headline rents (Farrelly et al, 2006). An index of ‘effective rents’ was 
not available. Headline rents are commonly used in other studies as detailed in the literature 
review.  
 
                                                          
15 The property data for this study is sourced from chartered surveyors CBRE’s research department. 
 
16 It need not be exactly identical to any of them, particularly if deal flow is very limited or made up of unusual 
one-off deals If there are no relevant transactions during the survey period, the quoted figure will be more 
hypothetical, based on CBRE’s expert opinion of market conditions, but the same criteria on building size and 
specification will still apply. 
 
17 These incentives such as rent-free periods and contributions to fit-out costs which make up the ‘effective rent’ 
are not accounted for in the rental data used. 
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3.7 Supply side independent variables 
There are a number of variables that may affect the level of prime rent in an office market. 
For this study a selection of supply side and demand side independent variables were chosen. 
The independent property variables used in the study are the supply side variables; these are 
‘vacancy’ and ‘availability’. Limitations surrounding existing data meant that ‘availability’ 
data substituted for ‘vacancy’ data in Manchester and Birmingham.  
The difference in vacancy and availability is that availability accounts for office space that is 
being actively marketed even if it is currently occupied whereas vacancy will only account 
for the space if it is actively marketed while currently physically vacant.18 The consequence 
for this study is the possibility that Manchester and Birmingham may have slightly higher 
supply rate statistics than would be the case were ‘vacancy’ data to exist as it does for the 
other cities. A relationship should logically exist between the availability rate and the 
vacancy rate rendering the impact on the study to be minimal. 
Vacancy 
‘Vacant space’ is defined as representing the total net rentable floor space in existing 
properties, which is physically vacant and being actively marketed as at the survey date. 
Vacant Space includes space that is available for sublet, but which is also currently vacant; 
where possible vacant sub-let space should be recorded separately. The ‘vacancy rate’, which 
is the unit of measurement used in this study, is vacant space expressed as a percentage of 
total stock or total competitive stock. 
Availability 
‘Availability’ is defined as representing the total net rentable floor space in existing 
properties, which is being actively marketed, either for lease, sublease, and assignment or for 
sale for owner occupation as at the end of the survey period. Availability includes space that 
is being marketed and is physically vacant or occupied. The ‘availability rate’, which is the 
unit of measurement used in this study, is available space expressed as a percentage of total 
stock or total competitive stock. 
 
                                                          
18 Space that is under construction is excluded from both vacant space and available space. Space that is 
physically vacant, but not being marketed or is not available for occupation is also excluded from both 
availability and vacancy. 
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3.8 Demand side independent variables 
The demand side variables are made up of GDP, inflation, interest rates and employment. 
The data used is on a per country basis rather than the specific office market. Several 
complications and constraints of using regional data are stressed by Gardiner and Henneberry 
(1988), while results from Bronen and Jennen’s (2009) study find no evidence to suggest that 
local level variables perform better in a model than their national counterparts. They point out 
that office markets in major cities are impacted by economic developments that take place 
outside of their geographical market boundaries indicating that national measures may indeed 
be a more powerful driver of metropolitan office rents. The literature review was influential 
in deciding which demand side variables to use in the study. The selected variables are 
discussed below. 
Gross Domestic Product (GDP) 
GDP is an important indicator of the state of the economy.19 When GDP is compared from 
one period to the next it gives an indication of whether the economy is expanding or 
contracting. Positive changes tend to be a reflection of positive performance from companies 
within the country and should have a positive impact on demand for office space, diminishing 
supply and driving prime rental levels up. When GDP falls it tends to be a reflection of poor 
performance from companies within that country, therefore this should impact negatively on 
the demand for new office space along with a possible release of space onto the market for 
subletting from poor performing companies. This lack of demand for space and the oncoming 
supply should result in prime rental levels falling. 
GDP data used for all countries in this study is the Gross Domestic Product at market prices. 
It is collected at a quarterly frequency and is seasonally adjusted. It is calculated as a price 
index based on 2005=100. The unit of measurement used in this study is the percentage 
change in GDP quarter-on-quarter. The GDP data was derived from Eurostat, via Datastream. 
Inflation 
Inflation is defined as the rate at which the general level of prices for goods and services is 
rising, and, subsequently, purchasing power is falling. The inflation rate for each country is 
reflected by the Consumer Price Index (CPI) of that country. The data used in this study is the 
Harmonised Consumer Price Index (HCPI) which is the indicator used to assess compliance 
                                                          
19 GDP is a measure of the total value of the goods and services produced in a country during the period being 
measured. 
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with the convergence criterion on price stability in the European Union Treaty (Maastricht). 
The methods used by the European Union Member States to calculate their national price 
index are distinctly different. This is why the harmonised consumer price indices are 
calculated with methods and content that ensures better comparability.20 The data was 
gathered from the National Institute of Statistics and Economic Studies, via Datastream.  
Interest rate 
The interest rate used for all five countries is the London Interbank Offered Rate (LIBOR).21 
This is the rate at which large international banks in London lend money among themselves. 
The LIBOR was introduced by the British Bankers Association (BBA) in 1986 (Campana 
and Ellis, 2013). It is frequently used as the base rate for setting many types of longer-term 
loans, even in the US markets (Elton et al, 2003). The Financial Services Authority (FSA) 
reports that LIBOR is the most frequently used benchmark for interest rates globally. This 
data was derived at a quarterly frequency from the Federal Reserve Economic Data (FRED). 
The quarterly figure is based on an average interest rate over the period.  
Employment  
The employment data incorporates the number of male and female citizens employed 
between the ages 15 and 64. Employment is a good indicator of national economic sentiment 
and a gauge of the performance of companies in the economy. Service sector employment is 
arguably a more direct proxy for office rental levels due to the office based nature of the jobs 
associated with the sector, however this data was unavailable for the study. It is important to 
note that the impact of a movement in employment on office demand may vary over time due 
to changes in the floorspace-per-worker ratio (McCartney, 2012). The units of measure for 
this study is thousands (000’s) of persons in employment. The employment data was derived 
at a quarterly frequency from Eurostat via Datastream. 
 
                                                          
20 The main difference with the national consumer price index lies in the processing of social protection and 
education. 
 
21 As a preliminary step, a simple correlation analysis was conducted between both the LIBOR and EURIBOR 
and the dependent variable for each Eurozone city. Results indicated that the EURIBOR was not statistically 
significant with the dependent variables contemporaneously, at a three month lag or at a six month lag. The 
LIBOR provided statistically significant correlations with a number of the cities at various time periods. 
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Chapter 4: Presentation of results 
At the outset of the empirical study a correlation analysis was carried out.22 Explanatory 
variables that proved significantly correlated with the dependent variable were input into the 
initial regression model which was subsequently developed for each city. This chapter 
discusses the process and methodology used to produce the most robust regression model for 
each city in the study. Details of the specific methodology for each city is included. The 
detailed results for each conducted correlation analysis are tabulated in Appendix C. 
Appendix D sets out the regression models that were discarded in the cases where a more 
robust model was discovered. Chapter 6 analyses and compares the results presented in this 
chapter. 
 
                                                          
22 Correlation analyses are discussed in Section 3.3. 
Chapter 4: Presentation of results 
 
31 
 
4.1 London 
The correlation analysis indicated that the vacancy rate for London West-End offices was 
negatively correlated with percentage change in London West-End office rents at a 
correlation of -0.325 with a statistical significance level of 5 percent in the contemporaneous 
period. The correlation between interest rates and London West-End percentage change in 
office rents at +0.288 also had a statistical significance of 5 percent in the contemporaneous 
period.  The percentage change in GDP was correlated with the percentage change in London 
West-End office rents at +0.321 with a statistical significance of 5 percent in the 
contemporaneous period and at +0.393 at a 1 percent significance at the second lag. 
Employment and inflation did not have a statically significant correlation with percentage 
change in London West-End office rents at any of the time intervals studied.  
The initial regression model (London 1) was constructed with the variables that were 
statistically significant in the correlation analysis. These included: 
? Vacancy (contemporaneous) 
? Percentage change in GDP UK (lag 2) 
? Interest Rates (contemporaneous) 
The level of employment and the inflation rate were excluded from the model because they 
had a statistically insignificant correlation with the percentage change in London West-End 
office rents.23  
This model (London 1) produced an R Squared of 0.266, which implies that 26.6 percent of 
the variance in the dependent variable was explained by variance in the independent 
variables. The Adjusted R-Squared, which takes account of the number of variables in the 
model, produced a result of 0.223. The Durbin Watson statistic was quite low having a value 
of 1.328, which indicates that positive serial correlation may be an issue in the model.  
The Durbin Watson significance bounds for this model with 55 observations and 3 
independent variables (excluding the constant) were dL = 1.45 and dU = 1.68. The observed 
value of the test statistic of 1.328 is less than the tabulated lower bound, indicating that the 
null hypothesis of non-autocorrelated errors should be rejected in favour of the hypothesis of 
                                                          
23 Results of all correlation analyses are tabulated in Appendix C. 
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positive first-order autocorrelation. Therefore, the results of this model should be interpreted 
with caution as the model is likely to suffer from serial correlation of the errors.  
Table 2: Summary regression results for London model 1 
 
Model 
R 
Square 
Adjusted R 
Square 
Durbin-
Watson 
London 1 .266 .223 1.328 
 
Diagnostic tests indicate that the residuals of the regression are relatively normally distributed 
which gives support to the model form. The histogram of the standardised residuals of the 
regression resembles quite closely a normal distribution. The Normal P-P Plot of the 
standardised residuals of the regression shows that the model is a close fit as all of the points 
are close to the 45 degree line and there are no large outliers.  
Figure 2: Normality tests for London model 1 
  
   
The most statistically significant of the independent variables in Model London 1 was the 
percentage change in second lag of GDP UK, which was statistically significant at the 1 
percent level. This positive relationship between office rents and GDP is as theoretically 
expected. The other two independent variables, interest rates and the percentage vacancy rate 
were both statistically significant in the model at the 7 percent significance level. An increase 
in interest rates is linked to a growth in London office rents. A negative relationship is 
Mean: 1.39E-17 
Std. Dev: 0.972 
N: 55 
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observed between the vacancy rates for London offices and the growth in London office 
rents, as would be expected. The constant is not significant in this model.  
Table 3: Regression coefficient results for London model 1 
London West-End 
Unstandardized 
Coefficients 
t Sig. B Std. Error 
(Constant) 2.042 2.056 .993 .325 
Lag2 % Change GDP UK .704 .240 2.933 .005 
Interest Rates  .573 .309 1.857 .069 
% Vacancy London West End -.643 .336 -1.912 .061 
 
A second model, Model London 2, was estimated with the inclusion of the previously 
excluded independent variables, the level of UK employment and UK inflation rates. The 
Adjusted R-Squared increased in the second model to 0.337, from 0.223 in the first model. 
The Durbin Watson statistic increased slightly to 1.333. This value for the Durbin Watson 
statistic was still below the lower band of critical values, indicating that positive serial 
correlation is likely to be an issue in the model. In the absence of a significant improvement 
in the diagnostics of this second model which had additional variables, it was decided to use 
the more parsimonious first model (London 1). Therefore, no further analysis was conducted 
on the model London 2. Details of model 2 are shown in Appendix D.  
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4.2 Paris  
The correlation analysis for Paris showed that both the vacancy rate in Paris offices and 
interest rates were statistically significantly contemporaneously correlated with the growth 
rate in Paris office rents at the 5 percent significance level at correlations of -0.282 and 
+0.278, respectively. At a significance level of 7 percent, the growth in French GDP was 
significantly correlated with the growth rate of Paris office rents with a correlation of +0.244. 
The analysis showed that the level of employment in France and the rate of inflation in 
France were not statistically significantly correlated with the growth in Paris office rents at 
any of the time intervals studied.  
The initial regression model (Paris 1) was constructed with the variables that were 
statistically significant in the correlation analysis. These included: 
? Vacancy (contemporaneous) 
? Interest Rates (lag 2) 
? Percentage change in GDP (lag 1) 
Details of the results of this regression are provided below. The level of employment and the 
inflation rate were excluded from the model because they had a statistically insignificant 
correlation with the percentage change in Paris office rents.24  
This model (Paris 1) produced an R-Squared of 0.097, which implies that 9.7 percent of the 
variance in the dependent variable was explained by variance in the independent variables. 
The Adjusted R-Squared, which takes account of the number of variables in the model, 
produced a result of 0.046. The Durbin Watson statistic had a value of 1.576, which indicates 
that positive serial correlation may be an issue in the model.  
The Durbin Watson significance bounds for this model with 57 observations and 3 
independent variables (excluding the constant) are dL = 1.45 and dU = 1.68. The observed 
value of the test statistic of 1.576 is between the upper and lower bound, which indicates that 
the results of this test are inconclusive. Therefore, the results of this model should be 
interpreted with caution as the model may suffer from positive serial correlation of the errors.  
                                                          
24 Results of all correlation analyses are tabulated in Appendix C. 
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Table 4: Summary regression results for Paris model 1. 
Model R Square Adjusted R 
Square 
Durbin-
Watson 
Paris 1  .097 .046 1.576 
 
Diagnostic tests indicate that the residuals of the regression are relatively normally distributed 
which gives support to the model form. The histogram of the standardised residuals of the 
regression looks relatively close to a normal distribution, particularly considering the 
relatively small number of observations. The Normal P-P Plot of the standardised residuals of 
the regression shows that the model is a close fit as all of the points are quite close to the 45 
degree line and there are no large outliers.  
Figure 3: Normality tests for Paris model 1 
  
 
The result of the regression Model Paris 1 indicated that none of the independent variables 
were statistically significant.  
 
Mean: -3.47E-17 
Std. Dev: 0.973 
N: 57 
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Table 5: Regression coefficient results for Paris model 1  
Model Paris 1 
Unstandardized 
Coefficients 
t Sig. B Std. Error 
(Constant) 3.169 5.596 .566 .574 
% Vacancy Paris -.721 .785 -.918 .363 
Interest Rate .196 .579 .339 .736 
GDP 2.360 4.130 .571 .570 
 
A contemporaneous correlation analysis was carried out between the independent variables to 
investigate whether multicollinearity could be a problem with the model.25  
Table 6 shows the results of the correlation analysis showed that the three independent 
variables – vacancy rate, percentage change in GDP and the interest rate – were very strongly 
correlated with each other, with all correlations between these variables statistically 
significant at a 1 percent level. Therefore, multicollinearity is likely to the cause of the low 
significance of the independent variables in the model. 
Taken individually, the rate of vacancy has a negative correlation with office rental growth. 
This implies that an increase in the vacancy rate for Paris offices is associated with a decrease 
in Paris rents, as would be theoretically expected. Correlation analysis shows that the rate of 
change in French GDP is positively related to the rate of change in office rents, which is 
again intuitively appealing. Interest rates are positively correlated with growth in office rents. 
This implies that interest rates increases are associated with increases in Paris office rents.  
 
                                                          
25 This can occur when strong correlation among independent variables reduces the individual impact of the 
variables and causes them to be individually statistically insignificant when included together in a model and is 
detailed in Section 3.4.2. 
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Table 6: Cross correlation analysis for Paris 
  
% 
Change 
Rent 
Paris 
% 
Vacancy 
Paris 
Employment 
France 
% 
Change 
GDP 
France 
Inflation 
France 
Interest 
Rate 
% Change 
Rent Paris 
Correlation 1 -.282* -.048 .244 -.195 .278* 
Sig. (2-
tailed) 
  .033 .723 .068 .147 .036 
% Vacancy 
Paris 
Correlation -.282* 1 .001 -.484** .764** -.726** 
Sig. (2-
tailed) 
.033   .991 .000 .000 .000 
Employment 
France 
Correlation -.048 .001 1 -.093 -.011 .048 
Sig. (2-
tailed) 
.723 .991   .491 .936 .724 
GDP France 
Correlation .244 -.484** -.093 1 -.505** .698** 
Sig. (2-
tailed) .068 .000 .491   .000 .000 
Inflation 
France 
Correlation -.195 .764** -.011 -.505** 1 -.755** 
Sig. (2-
tailed) .147 .000 .936 .000   .000 
Interest Rate 
Correlation .278* -.726** .048 .698** -.755** 1 
Sig. (2-
tailed) 
.036 .000 .724 .000 .000   
*. Correlation is significant at the 0.05 level (2-tailed). 
**. Correlation is significant at the 0.01 level (2-tailed). 
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4.3 Berlin 
The correlation analysis for Berlin indicated that the percentage of vacant office stock in the 
market was significantly correlated with the growth in office rents. The strongest statistical 
significance was at the second lag, which was significant at the 1 percent level at a 
correlation of +0.457. Both variables were correlated with a 5 percent statistical significance 
contemporaneously and at the first lag. The second lag of GDP was statistically significantly 
correlated of -0.339 with the growth in office rents at the 5 percent significance level. A 
correlation of -0.254 between the first lag in the level of employment in Germany and 
percentage change in office rents in Berlin was statistically significant at just outside the 5 
percent level. The correlation between both interest rates and inflation rates with the growth 
in Berlin office rent was not statistically significant at any of the time intervals examined.     
The initial regression model (Berlin 1) was constructed with the variables that were 
statistically significant in the correlation analysis. These included: 
? Vacancy (lag 2) 
? GDP (lag 2) 
? Employment (lag 1) 
Details of the results of this regression are provided below. The interest rate and the inflation 
rate were excluded from the model because they had a statistically insignificant correlation 
with the percentage change in Berlin office rents.26  
This model (Berlin 1) produced an R-Squared of 0.291, which implies that 29.1% of the 
variance in the dependent variable was explained by variance in the independent variables. 
The Adjusted R-Squared, which takes account of the number of variables in the model, 
produced a result of 0.247. The Durbin Watson statistic had a value of 2.063, which indicates 
that auto-correlation is not a problem in this model.  
Table 7: Summary regression results for Berlin model 1. 
Model R Square Adjusted R 
Square 
Durbin-
Watson 
Berlin 1 .291 .247 2.063 
 
                                                          
26 Results of all correlation analyses are tabulated in Appendix C. 
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Diagnostic tests indicate that the residuals of the regression are relatively normally distributed 
which gives support to the model form. The histogram of the standardised residuals of the 
regression looks relatively close to a normal distribution, particularly considering the 
relatively small number of observations. The Normal P-P Plot of the standardised residuals of 
the regression shows that the model is a close fit as all of the points are close to the 45 degree 
line and there are no large outliers.  
Figure 4: Normality tests for Berlin model 1 
 
  
 
The most statistically significant variable in the model Berlin 1 was the second lag of the 
vacancy rate, which was statistically significant at the 1 percent level. This positive 
relationship indicates that increase in the rate of vacancy in Berlin offices is associated with 
an increase in the growth rate of Berlin office rents. The direction of this relationship appears 
counter-intuitive; it was not observed in any of the other six markets in the study and does not 
follow general theory. The first lag of the level of employment was statistically significant in 
the model at just over the 5 percent level. This positive relationship indicates that an increase 
in employment is associated with an increase in the rental growth rate of Berlin offices. The 
direction of this relationship is as theoretically expected. The independent variable, 
percentage change in GDP, was just inside the 10 percent significance level but the negative 
relationship indicates that a percentage increase in GDP is associated with a percentage 
decrease in the level of prime rents, which is not theoretically expected. 
 
Mean: 2.47E-17 
Std. Dev: 0.970 
N: 52 
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 Table 8: Regression coefficient results for Berlin model 1 
Model 
Unstandardized Coefficients 
t Sig. B Std. Error 
(Constant) -30.165 9.659 -3.123 .003 
Lag2 Vacancy Rate  1.202 .422 2.849 .006 
Lag2 GDP -2.403 1.376 -1.746 .087 
Lag1 Employment .001 .000 1.952 .057 
 
A second model (Berlin 2) was estimated with the inclusion of the previously excluded 
independent variables, the level of interest rates and UK inflation rates. The Adjusted R-
Squared increased in the second model to 0.381, from 0.247 in the first model. The Durbin 
Watson statistic increased above the target value of 2 to 2.172, indicating that negative serial 
correlation may be an issue with this model. Some of the results from this regression model 
were not as theoretically expected. Due to these drawbacks of model 2, it was decided to use 
the more parsimonious first model Berlin 1 and no further analysis was conducted on the 
model Berlin 2. Details of the model (Berlin 2) are shown in Appendix D.  
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4.4 Brussels 
The correlation analysis for Brussels showed that contemporaneous correlation of -0.259 
between the percentage change in vacancy in Brussels and the percentage change in rents in 
Brussels was just outside the conventional significance level of 5 percent, being significantly 
correlated at a significance level of 7 percent. Employment in Belgium was highly 
significantly correlated with the percentage change in Brussels rents at all three time intervals 
examined at correlation levels between -0.311 and -0.371. The contemporaneous correlation 
was most significant, being significant at the 1 percent significance level. Inflation was also 
significant at each time interval at correlations of between -0.320 and -0.332. The first lag is 
the most significant, just over the 1 percent significance level. The other variables, percentage 
change in GDP and interest rates, were not significant at any of the time intervals examined.  
The initial regression model (Brussels 1) was constructed with the variables that were 
statistically significant, including vacancy which was significant at just over the 5 percent 
level, in the correlation analysis. These included: 
? Vacancy (contemporaneous) 
? Employment (contemporaneous) 
? Inflation (lag 1) 
The percentage change in GDP and the interest rate were excluded from the model because 
they had a statistically insignificant correlation with the percentage change in Brussels office 
rents.27  
This model (Brussels 1) produced an R-Squared of 0.142, which implies that 14.2 percent of 
the variance in the dependent variable was explained by variance in the independent 
variables. The Adjusted R-Squared, which takes account of the number of variables in the 
model, produced a result of 0.090. The Durbin Watson statistic had a value of 2.097, which 
indicates that this model does not suffer from positive serial correlation.  
Table 9: Summary regression results for Brussels model 1 
Model R 
Square 
Adjusted 
R Square 
Durbin-
Watson 
Brussels 1 .142 .090 2.097 
                                                          
27 Results of all correlation analyses are tabulated in Appendix C. 
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The histogram of the standardised residuals of the regression did not resemble a normal 
distribution and the Normal P-P Plot of the standardised residuals of the regression did not 
exhibit points that were tightly fitted to the 45 degree line, although there were not large 
outliers. These two visual diagnostic tests indicated that the residuals of the regression may 
not be normally distributed, which questions the functional form of the model. 
The result of the regression Model Brussels 1 indicated that none of the independent variables 
were statistically significant.  
Table 10: Regression coefficient results for Brussels model 1 
Model: Brussels 1 
Unstandardized Coefficients 
t Sig. B Std. Error 
(Constant) 33.618 17.211 1.953 .057 
% Vacancy  -.088 .353 -.251 .803 
Employment -.009 .007 -1.302 .199 
Lag1 Inflation .071 .142 .503 .617 
 
Table 11 presents a contemporaneous correlation analysis was carried out between the 
independent variables to investigate whether multicollinearity could be a problem with the 
model.  
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Table 11: Cross correlation analysis for Brussels 
  
% Change 
Rent 
% 
Vacancy  Employment  GDP 
Inflation 
Belgium 
Interest 
Rate 
% Change 
Rent  
 
Correlation 1 -.259 -.371
** .143 -.320* .165 
  Sig. (2-
tailed)   .062 .006 .308 .019 .238 
% Vacancy Correlation -.259 1 .672** -.048 .697** -.586** 
  Sig. (2-
tailed) 
.062   .000 .729 .000 .000 
Employment Correlation -.371** .672** 1 -.172 .952** -.674** 
  Sig. (2-
tailed) 
.006 .000   .201 .000 .000 
GDP Correlation .143 -.048 -.172 1 -.170 .245 
  Sig. (2-
tailed) 
.308 .729 .201   .207 .066 
Inflation Correlation -.320* .697** .952** -.170 1 -.782** 
  Sig. (2-
tailed) 
.019 .000 .000 .207   .000 
Interest Rate Correlation .165 -.586** -.674** .245 -.782** 1 
  Sig. (2-
tailed) 
.238 .000 .000 .066 .000   
 
The results of the correlation analysis showed that four of the independent variables – 
vacancy rate, employment, inflation rate and interest rate – were very strongly correlated with 
each other, with all correlations between these variables statistically significant at a 5 percent 
level. Therefore, multicollinearity is likely to the cause of the low significance of the 
independent variables in the model. 
A further regression model was tested which only included only the percentage vacancy and 
employment as independent variables, along with a constant. Employment was included 
because it was most significantly correlated with the percentage change in rents. Although the 
inflation rate and interest rate were highly correlated with the percentage change in rents, 
these were not included because of their very strong correlation with employment. The 
vacancy rate was just outside conventional significance levels in terms of its correlation with 
the percentage change in rents. In this model, the Durbin Watson statistic was 2.086. , the R-
Squared was 0.138 and the Adjusted R-Squared was 0.103. The employment variable was 
significant in the model at a 5 percent significance level. The vacancy variable was not 
significant in this model. See Appendix D for further details on the model results.  
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Since the vacancy variable was significant in the previous model, a very parsimonious model 
was experimented with which included just a single explanatory variable, employment, 
together with a constant in the regression model.  
The Durbin Watson statistic for this model was 2.085, which indicated that first order serial 
correlation of the errors was not an issue in this model. The R-Squared was .137, while the 
Adjusted R-Squared was .120. The Adjusted R-Squared was higher than in the previous 
model which supports the decision to omit the vacancy variable from the model.  
Table 12: Summary regression results for Brussels model 3 
Model R Square Adjusted 
R Square 
Durbin-
Watson 
Brussels 3 .137 .120 2.085 
 
The histogram and PP Plot for this model do not appear to have the standard form, which 
indicates that the errors may not be normally distributed.  
Figure 5: Normality tests for Brussels model 3 
  
 
The sole independent variable in this model, employment, was highly statistically significant, 
having a significance level of 1 percent. The direction of this result appears counter-intuitive 
as it would be expected that increasing employment would lead to growth in office rental 
values. See table below for further details of the results. 
Mean: -1.20E-17 
Std. Dev: 0.990 
N: 53 
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Table 13: Regression coefficient results for Brussels model 3 
Model: Brussels 3 
Unstandardized Coefficients 
t Sig. B Std. Error 
(Constant) 27.625 9.466 2.918 .005 
Employment -.006 .002 -2.850 .006 
 
None of the regression models stood out as having the best fit. However, it is interesting to 
note that vacancy and employment had the same directional sign in each of the models tested. 
Both variables were negatively related to the percentage change in rents. 
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4.5 Dublin 
The analysis for Dublin showed that the contemporaneous correlation between the percentage 
change in rent and a number of independent variables were statistically significant at the 1 
percent level, these variables being the Dublin vacancy rate (correlation: -0.435), GDP 
(correlation: +0.343) and interest rates (correlation: +0.350) . 
The level of employment and the level of inflation were not statistically significantly 
correlated within the 5 percent significance level with the percentage change in rent (neither 
contemporaneously nor at 1 or 2 lags).  
The initial regression model (Model: Dublin 1) was constructed with the variables that were 
statistically significant in the correlation analysis. These included: 
? Dublin Vacancy Rate (contemporaneous) 
? Percentage change in GDP Ireland (contemporaneous) 
? Interest Rates (contemporaneous) 
Details of the results of this regression are provided in Appendix D. The level of employment 
and the level of inflation were excluded from the model because the correlations were outside 
the 5 percent significance level.28  
This model (Dublin 1) produced an R-Squared of 0.270, which implies that 27.0 percent of 
the variance in the dependent variable was explained by variance in the independent 
variables. The Adjusted R-Squared, which takes account of the number of variables in the 
model, produced a result of 0.229. In this model the Durbin Watson statistic was 1.389, 
which is quite low indicating positive autocorrelation may be an issue in the model, therefore 
prompted a second regression. 
The second regression model (Dublin 2) added contemporaneous Inflation and lag 2 
Employment to the list of independent variables. These variables were tested in the model 
because although the correlation analysis showed they were statistically insignificantly 
correlated with the percentage change in rent, theoretically it seems that there should be a 
relationship between these variables.  The model, Dublin 2, produced an R-Squared of 0.439, 
which implies that 43.9 percent of the variance in the dependent variable was explained by 
variance in the independent variables. The Adjusted R-Squared produced a result of 0.382. 
                                                          
28 Results of all correlation analyses are tabulated in Appendix C. 
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The Adjusted R-Squared of Model Dublin 2 was higher than that of Model Dublin 1, 
indicating that the addition of the two independent variables is warranted due to the increase 
in the Adjusted R-Squared. The Durbin Watson statistic in the second model was 2.013, 
which is a substantial improvement on the previous model as the target level for the statistic 
is 2.  
Table 14: Summary regression results for Dublin model 2 
Model 
R 
Square 
Adjusted R 
Square Durbin-Watson 
Dublin 2 .439 .382 2.013 
 
Diagnostic tests indicate that the residuals of the regression are relatively normally distributed 
which gives support to the model form. The histogram of the standardised residuals of the 
regression looks to relatively close to a normal distribution, particularly considering the 
relatively small number of observations.  
Figure 6: Normality tests for Dublin model 2. 
  
 
The Normal P-P Plot of the standardised residuals of the regression shows that the model is a 
close fit as all of the points are close to the 45 degree line and there are no large outliers.  
Each of the independent variables in Model Dublin 2 was statistically significant at least at 
the 5 percent significance level (excluding the constant). This relationship between vacancy 
Mean: -4.61E-17 
Std. Dev: 0.953 
N: 55 
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and rent is as theoretically expected – as vacancy rates increase, prime rental levels decrease. 
The relationship between rent and GDP also follows general theory that an increase in GDP 
leads to an increase in prime rents. Since GDP is a measure of a country’s production, 
movements in this should affect the demand for office space and hence the level of office 
rents. Percentage change in Dublin rents are shown to move with the level of inflation. The 
regression model showed an unexpected relationship between percentage change in office 
rents and general employment. The results indicated that when employment increased 
percentage change in office rents decreased. This may be due to the use of general 
employment, as opposed to office specific employment. General employment may not be a 
good proxy for office employment in Ireland. Unfortunately, data for office/service sector 
employment was not available at a quarterly interval for the period of analysis required. A 
strong positive relationship is apparent between interest rates and office rents.  
See the table below for a summary of the coefficients and their respective significance.  
Table 15: Regression coefficient results for Dublin model 2 
Dublin 2 
Unstandardized 
Coefficients 
t Sig. B Std. Error 
(Constant) -1.150 11.513 -.100 .921 
% Vacancy Dublin -.489 .215 -2.267 .028 
% Change GDP Ireland .864 .427 2.023 .049 
Inflation Ireland .717 .178 4.023 .000 
Lag2 Employment Ireland -.038 .009 -4.195 .000 
Interest Rate 1.339 .593 2.256 .029 
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4.6 Birmingham 
The correlation analysis for Birmingham, UK, showed that the second lag of both 
employment and the percentage change in GDP were significantly correlated with the 
percentage change in office rents at the 1 percent significance level at correlations of -0.353 
and +0.346 respectively. The level of interest rates was significantly contemporaneously 
correlated with the percentage change in office rents at the 5 percent significance level. 
Neither the correlations of the availability rate nor inflation were within the 5 percent 
significance level with the percentage change in office rents.  
The initial regression model (Birmingham 1) was constructed with the variables that were 
statistically significant in the correlation analysis. These included: 
? Employment (lag 2) 
? % Change GDP UK (lag 2) 
? Interest Rates (contemporaneous) 
The availability rate and the level of inflation were excluded from the model because they 
were outside the 5 percent significance level.29  
This model (Birmingham 1) produced an R-Squared of 0.260, which implies that 26.0 percent 
of the variance in the dependent variable was explained by variance in the independent 
variables. The Adjusted R-Squared, which takes account of the number of variables in the 
model, produced a result of 0.216. The Durbin Watson statistic had a value of 2.002, which 
indicates that auto-correlation is not a problem in this model.  
Table 16: Summary regression results for Birmingham model 1 
Model R 
Square 
Adjusted 
R Square 
Durbin-
Watson 
Birmingham 1 .260 .216 2.002 
 
Diagnostic tests indicate that the residuals of the regression are relatively normally distributed 
which gives support to the model form. The histogram of the standardised residuals of the 
regression looks relatively close to a normal distribution, particularly considering the 
relatively small number of observations. The Normal P-P Plot of the standardised residuals of 
                                                          
29 Results of all correlation analyses are tabulated in Appendix C. 
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the regression shows that the model is a close fit as all of the points are close to the 45 degree 
line and there are no large outliers.  
Figure 7: Normality tests for Birmingham model 1 
  
 
The most statistically significant independent variable in Model Birmingham 1 was the 
second lag of the percentage change in GDP, which was significant at just over the 1 percent 
level. The model indicated that when GDP increased it had a positive effect on prime 
Birmingham office rents. Interest rates, at approximately 7 percent statistical significance, 
also had a positive impact on prime rental levels. The employment variable was not 
statistically significant in the model.  
See the table below for a summary of the coefficients and their respective significance.  
Table 17: Regression coefficient results for Birmingham model 1 
Birmingham 1 
Unstandardized 
Coefficients 
t Sig. B Std. Error 
(Constant) 23.888 17.148 1.393 .170 
Lag2 Employment UK -.001 .001 -1.440 .156 
Lag2 GDP UK .279 .113 2.481 .016 
Interest Rate .297 .159 1.873 .067 
 
Mean: -8.17E-17 
Std. Dev: 0.972 
N: 55 
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A second model (Birmingham 2) was estimated with the inclusion of the previously excluded 
independent variables, the availability rate in office space and inflation. While the Adjusted 
R-Squared increased fractionally in the second model, the Durbin Watson statistic worsened 
and neither of the variables were significant in the model. Therefore, no further analysis was 
conducted on the model. Details of the model are shown in Appendix D.  
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4.7 Manchester 
The correlation analysis for Manchester showed that the correlations (ranging from -0.351 to 
-0.389) between the level of employment and the percentage change in Manchester office 
rents was statistically significant at the 1 percent level contemporaneously and for each of the 
lags. The correlations (ranging from -0.306 to -0.332) between UK inflation and percentage 
change in Manchester office rents was statistically significant at the 5 percent level 
contemporaneous and for each of the lags. The availability rate in office space was 
statistically significantly correlated with percentage change in Manchester office rents at the 
5 percent level with a correlation of -0.335 contemporaneously -0.298 at the first lag. Interest 
rates and the percentage change in GDP were not statistically significantly correlated with the 
percentage change in Manchester office rents at any of the time intervals tested.  
The initial regression model (Manchester 1) was constructed with the variables that were 
statistically significant in the correlation analysis. These included: 
? Availability (contemporaneous) 
? Employment UK (contemporaneous) 
? Inflation UK (contemporaneous) 
Details of the results of this regression are provided below. The percentage change in GDP 
and the interest rates were excluded from the model because they had a statistically 
insignificant correlation with the percentage change in Manchester office rents.30  
This model (Manchester 1) produced an R-Squared of 0.291, which implies that 29.1 percent 
of the variance in the dependent variable was explained by variance in the independent 
variables. The Adjusted R-Squared, which takes account of the number of variables in the 
model, produced a result of 0.248. The Durbin Watson statistic was quite low having a value 
of 1.611, which indicates that positive serial correlation may be an issue in the model.  
The Durbin Watson significance tables were used to test the null hypothesis of zero 
autocorrelation in the residuals against the alternative that the residuals are positively 
autocorrelated at the 5 percent level of significance. The bounds for this model with 53 
observations and 3 independent variables (excluding the constant) are dL = 1.45 and dU = 
1.68. If the observed value of the test statistic is less than the tabulated lower bound, then the 
                                                          
30 Results of all correlation analyses are tabulated in Appendix C. 
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null hypothesis of non-autocorrelated errors is rejected in favour of the hypothesis of positive 
first-order autocorrelation. The observed test statistic of 1.611 is inconclusive because it lies 
between the two bands. Although the observed test statistic is in the inconclusive range, it is 
quite close to the upper band, at which point the null hypothesis of non-autocorrelated errors 
is not rejected, therefore it was decided to proceed with this model. However, the results of 
the model should be interpreted with caution as the model may suffer from serial correlation 
of the errors.  
Table 18: Summary regression results for Manchester model 1 
Model R 
Square 
Adjusted 
R Square 
Durbin-Watson 
Manchester  1 .291 .248 1.611 
 
The histogram of the standardised residuals of the regression for the model Manchester 1 
appears somewhat off a normal distribution. The relatively small number of observations 
often causes the histogram to look slightly unconventional. However, 53 observations are 
sufficient for the Central Limit Theorem to apply.31 Therefore we have assumed that the 
standardised residuals of the regression are approximately normally distributed.  
Figure 8: Normality tests for Manchester model 1 
 
                                                          
31 The central limit theorem (CLT) is discussed in Section 3.4.4. 
Mean: -6.10E-15 
Std. Dev: 0.971 
N: 53 
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The Normal P-P Plot of the standardised residuals of the regression shows that the model is a 
close fit as all of the points are close to the 45 degree line and there are no large outliers.  
Each of the independent variables in model Manchester 1 was statistically significant at the 1 
percent significance level. 
The direction of the relationship between percentage change in office rents and the office 
availability rate and the level of inflation shown by the model was as theoretically expected. 
The model indicated that an increase in the office availability rate in Manchester caused a 
decrease in the percentage change in office rents.  An increase in inflation caused an increase 
in the percentage change in office rents. The direction of the relationship between the level of 
employment and percentage change in office rents was not as theoretically expected.  
See the table below for a summary of the coefficients and their respective significance.  
Table 19: Regression coefficient results for Manchester model 1 
 
 
Manchester 1 
Unstandardized 
Coefficients 
t Sig. B Std. Error 
(Constant) 44.839 12.736 3.521 .001 
% Availability Manchester -.456 .146 -3.129 .003 
Employment UK -.002 .001 -3.518 .001 
Inflation UK .214 .074 2.886 .006 
 
A second model (Manchester 2) was estimated with the inclusion of the previously excluded 
independent variables, the percentage change in GDP UK and the level of interest rates. The 
Adjusted R-Squared decreased in the second model and the Durbin Watson statistic was 
further from the target value of 2. Neither of the variables was significant in the model. 
Therefore, no further analysis was conducted on the model. Details of the model are shown in 
Appendix D.  
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Table 20: Summary of the best fit regression results for the seven cities 
SUMMARY REGRESSION RESULTS 
Model Adjusted 
R-Squared  
Durbin 
Watson 
Durbin Watson Interpretation 
London 1 0.223 1.328 Interpret results with caution - model may 
suffer from positive serial correlation of the 
errors 
Paris 1 0.046 1.576 Interpret results with caution - model may 
suffer from positive serial correlation of the 
errors 
Berlin 1 0.247 2.063 No autocorrelation 
Brussels 1  0.090 
 
2.097 
 
No autocorrelation 
Dublin 2 0.382 2.013 No autocorrelation 
Birmingham 1 0.216 2.002 No autocorrelation 
Manchester 1 0.248 1.611 Interpret results with caution - in the 
inconclusive range, quite close to the point at 
which the null hypothesis of non-
autocorrelated errors is not rejected 
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Chapter 5: Analysis and interpretation  
This chapter analyses the results of the correlation and regression tests described in Chapter 
4. The focus is placed on relationships between the variables, patterns between the various 
cities and the rationale behind these observations.  
5.1 Correlations 
5.1.1 Supply 
General theory states that when supply of offices increase, levels of prime rents decrease. For 
the most part the relationship between the vacancy / availability rate and prime rents followed 
the expected correlations. This is with the exception of Berlin where results of the correlation 
analysis showed the two variables had a significant positive relationship. Copious amounts of 
office space came to the market in Berlin in the early 1990s driven by a low vacancy rate and 
positive economic projections. These projections were not realised and the vacancy rate 
soared as a result. The positive relationship observed in this study may represent occupiers 
moving out of older office accommodation to occupy prime stock, thereby justifying an 
increase in office supply occurring in conjunction with an increase in prime office rents. 
Another unusual result was observed in the analysis of Birmingham where there was no 
significant correlations between prime rents and supply.  
Table 21: Summary correlation results for supply 
Supply London Paris Berlin Brussels Dublin Birmingham Manchester 
Contemporaneous .325 (5%) .282 (5%) .304 (5%) .259 (7%) .435 (1%) / .335 (5%) 
Three month lag / / .336 (5%) / .305 (5%) / .298 (5%) 
Six month lag / / .457 (1%) / / / .263 (6%) 
Note: Significance level is reported in parentheses 
 
 
5.1.2 GDP 
The theoretical expectation is that increased output will lead to a greater demand for office 
space, thereby pushing up prime office rents. Six out of seven significant correlations in this 
analysis are positive indicating that when GDP increases prime rents also increase. London, 
Paris, Dublin and Birmingham show positive significant correlations between GDP and prime 
rents. Brussels and Manchester show no evidence of a relationship. The correlations observed 
in Berlin’s case are negative, this is counterintuitive and the opposite sign to the other cities. 
Industry in Germany accounts for 28.1 percent of the country's total GDP, and employs 24.6 
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percent of the workforce (Economy Watch, 2013). The manufacturing plants of companies 
such as Siemens, BMW and Coca-Cola are located in Berlin. As GDP is measured on a 
national level an increase may be linked with increased output in the industrial sector 
resulting in a greater number of employees entering the industrial sector instead of the tertiary 
sector which should have a direct relationship with prime office rents.  
Table 22: Summary correlation results for GDP 
GDP London Paris Berlin Brussels Dublin Birmingham Manchester 
Contemporaneous .321 (5%) .244 (7%) / / .343 (1%) / / 
Three month lag .257 (6%) / / / / / / 
Six month lag .393 (1%) / .339 (5%) / / .346 (1%) / 
Note: Significance level is reported in parentheses 
 
5.1.3 Inflation 
As inflation rises, nominal prime office rents are expected to rise, however, all of the 
instances of significant correlation were negatively signed in this study. Manchester and 
Brussels show similar relationships between inflation and prime rents. Dublin and 
Birmingham rents fall outside the 5 percent level but are significant at the 10 percent level. 
Results from the remaining cities show no significant relationships between inflation and 
prime rents. As the study contains nominal data it is surprising that the relationship is 
negative. There is not a large body of previous literature on this topic to compare the results 
with. A rise in inflation can be difficult for businesses as it is not always possible to cover the 
associated increases in running costs in the end price of a product so reduced profitability 
may be a consequence. Prime offices then become less affordable to companies thereby 
decreasing demand and, in turn, decreasing prime rental levels. The lack of evidence of any 
quantifiable relationship between inflation and prime office rents in London, Paris and Berlin 
may be related to the international diversity of the companies opting to locate in these cities. 
Prime rental levels in these cities may have a relationship with a more global rate of inflation 
rather than the national consumer price index. 
Table 23: Summary correlation results for inflation 
Inflation London Paris Berlin Brussels Dublin Birmingham Manchester 
Contemporaneous / / / .320 (5%) .234 (8%) / .309 (5%) 
Three month lag / / / .332 (5%) / .227 (10%) .332 (5%) 
Six month lag / / / .329 (5%) / .233 (9%) .306 (5%) 
Note: Significance level is reported in parentheses 
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5.1.4 Interest rates 
Previous studies assessing the relationship between interest rates and office rents provide 
mixed results. While Dobson and Goddard (1992) and Giussani et al (1997) conduct 
empirical studies that show interest rates have a positive effect on rents, D’Arcy et al (1997) 
dismisses these results as being wrongly signed. The correlation results of this study found a 
significant positive relationship exists between interest rates and prime office rents in 
London, Paris, Dublin and Birmingham while results from Manchester showed a correlation 
inside the 10 percent significance level. Berlin and Brussels exhibited no significant 
relationship between the two variables at any stage. The positive relationship observed may 
be explained by a cycle beginning with an increase in interest rates causing development and 
to become unfeasible which leads to a tightening in office supply and thereby an increase in 
prime office rents. It could also be argued, however, that a drop in interest rates makes capital 
more affordable to companies which may lead to an expansion, thereby increasing office 
demand and hence rents. Brussels holds the position of the political capital of the EU; this 
may make the office market somewhat price inelastic explaining the absence of a relationship 
between prime rents and interest rates. 
Table 24: Summary correlation results for interest rates 
Interest rates London Paris Berlin Brussels Dublin Birmingham Manchester 
Contemporaneous .288 (5%) .278 (5%) / / .350 (1%) .322 (5%) .232 (9%) 
Three month lag / / / / .277 (5%) .250 (8%) .250 (7%) 
Six month lag / / / / / / / 
Note: Significance level is reported in parentheses 
 
5.1.5 Employment 
It is logical to assume that an increase in employment has a positive relationship with prime 
rental levels. However, general employment has proved insignificant as a variable in previous 
studies (Dobson and Goddard, 1992). Service sector employment should have a more direct 
impact although some studies such as Giussani et al (1992) clearly showed that even service 
sector employment did not consistently explain variations in real office rents across countries. 
In this study all significant relationships stated that an increase in employment correlated 
with a decrease in office rents. 
Brussels and Manchester exhibit similar correlations to one another as they had done with 
inflation. Rents in both cities were significantly correlated with employment at correlations of 
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between -0.3 and -0.4. Birmingham’s rents were significantly correlated with employment 
and Berlins’ were just outside the 5 percent level. Prime rents in London, Paris and Dublin 
showed no significant correlation with employment levels. An increase in employment may 
initially be in the primary or secondary sector such as the construction industry and may take 
considerable time to impact on demand for offices thereby pushing up rents. It may be the 
case that longer lags are required pick up a relationship between employment and prime 
rental levels. 
Table 25: Summary correlation results for employment 
Employment London Paris Berlin Brussels Dublin Birmingham Manchester 
Contemporaneous / / / .371 (1%) / / .351 (1%) 
Three month lag / / .254 (6%) .335(5%) / .269 (5%) .389 (1%) 
Six month lag / / .247 (7%) .311 (5%) / .353 (1%) .378 (1%) 
Note: Significance level is reported in parentheses 
 
5.1.6 Summary of correlation findings 
Berlin stands out as a unique office market within Europe from the results of these tests. 
Generally, correlations in Berlin have the opposite sign to the other cities. The differences 
may be explained by the rental patterns experienced in Berlin in the mid 2000’s. The office 
market of Berlin did not experience the growth in rents that the other six cities in the study 
experienced from approximately 2003 to early 2007. In fact rental levels in Berlin continued 
to fall up until Q2 2007 when they experienced a minor uplift and again in Q3 2008 before 
falling back again the following quarter. This may be linked to the oversupply in the early 
1990s. Berlin had the highest vacancy rate out of the seven cities at the beginning of the study 
in 2001 at 8.16 percent. 
Results from Dublin and London show that prime rents in these two cities have a significant 
relationship with supply, GDP and interest rates and an insignificant relationship with 
inflation (Dublin rents are significant at the higher level of eight percent) and employment. 
Paris rental levels also exhibits an insignificant relationship with inflation and employment.  
Brussels and Manchester are the only two cities to have significant (negative) relationship 
between rents and inflation. The two cities also have a significant (negative) relationship with 
employment contemporaneously and at each of the lags. Rental level correlations with 
employment are also observed in Birmingham. 
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5.2 Multiple regression models 
The results of the single variable correlations directed the inputs for the initial multiple 
regression model in each city. Significant explanatory variables in the correlation analysis 
retained the same sign in the regression model. This gave confidence to the direction of the 
relationship between the variables. An exception to this is inflation in Dublin which had a 
negative simple correlation followed by a positive relation in the multiple regression model. 
This may be explained by the relatively lenient level of significance in the correlation 
analysis at 8 percent. A further enhancement of the reliability of the models is that 
statistically significant variables in the models had the same direction of impact across every 
city except Berlin. Table 26 summarises the β coefficient of the significant variables in the 
regression model for each city. 
Supply and GDP appear to be the most important variables in the models proving statistically 
positively significant in four of the final regression models. This follows theoretical 
expectations and findings from the literature review. Supply has repeatedly featured as one of 
the most influential factors affecting rental levels while GDP has generally proven to be a 
significant demand side variable. Supply is significant in London, Berlin (negatively signed), 
Dublin and Manchester. GDP is significant in London, Berlin (positively signed), Dublin and 
Birmingham.  
Similar to the correlation results, office rents in Berlin have a counterintuitive relationship 
with supply and GDP, that is, an increase in the office vacancy rate in Berlin leads to an 
increase in prime rents in the city while an increase in GDP is expected to negatively impact 
prime rental levels. The dynamics of the office market in Berlin is a plausible explanation for 
these results. As summarised earlier in this chapter the city experienced a surge in the supply 
of office space in the 1990s which far outweighed competitor cities Frankfurt and Munich. 
This development was driven by virtually non-existent vacant office space and increasing 
levels of rents in Berlin until near the end of 1993. At this point structural change took hold 
and the economic environment worsened at the same time as large amounts of office supply 
came on-stream. This structural shift may have caused the relationship between GDP and 
rents to break down. The vacancy rate rose to a high of 10.56 percent in 2005. The 
relationship between vacancy rates and prime office rents may be as a result of existing 
occupants exiting older stock to occupy new builds. While the overall vacancy rate is 
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increasing, the vacancy rate of prime office buildings may in fact be tight pushing up prime 
rents. 
Employment is significant in three of the final regression models – Berlin, Dublin and 
Manchester. In this case Berlin is the only city where prime rents and employment follow a 
theoretically expected relationship, however, this is outside the 5 percent significance level 
and contradictory to the correlations, which were negative. In the case of Dublin and 
Manchester, an increase in employment may represent the primary and secondary sectors 
rather than the tertiary sector which should have a direct relationship with office rents as 
employees in this sector tend to occupy office buildings. If the relevant data were available 
for service sector employment the relationship may have been positive.  
 There is no consistent theoretical expectation when it comes to the relationship between 
interest rates and prime office rents. London, Dublin and Birmingham present positively 
signed correlation and regression results where significant relationships are observed. High 
interest rates may make the cost of development and refurbishment unfeasible, thus causing a 
tightening of supply in the office market and leading to higher prime rents. Rents may also be 
pushed higher to make office development feasible. Dobson and Goddard (1992) empirical 
study also found a positive relationship between rents and interest rates.  
Inflation is significant and positively signed in the regression model for Dublin and 
Manchester. As the study contains nominal data it is expected that inflation increases should 
cause prime rental level increases. 
The results of five of the seven cities multiple regressions produce adjusted R-Squareds of 
between 0.22 and 0.38. That is to say that between 22 and 38 percent of the change in prime 
office rental value is explained by movements in the explanatory variables. The regression 
models for Brussels and Paris show that rental movements in these cities behave very 
differently to the other five cities in the study. The R-Squared was substantially lower in 
these two city’s models compared with the others, indicating that the explanatory variables 
were responsible for explaining less of the movement in prime rents. Paris and Brussels 
exhibit similar characteristics to each other. Both French speaking cities, their office market 
practices are akin to one another with 3/6/9 year leases and both cities have a high 
corporation tax of 33.33 and 33.99 percent, respectively. Brussels is a major European 
political capital therefore prime rents may be somewhat price inelastic making rents less 
affected by changes in the economy or vacancy rates compared with other cities.  
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Table 26: Summary of β coefficient value from regression results 
  Supply GDP Inflation Interest rates Employment 
London 
 
-0.643 (10%) 
 
+0.704 (1%) 
 
/ +.573 (10%) 
 
/ 
Paris 
 
/ / / / / 
Berlin  
 
+1.202 (1%) 
 
-2.403 (10%) 
 
/ / +0.001 (10%) 
 
Brussels 
 
/ / / / / 
Dublin 
 
-0.489 (5%) 
 
+0.864 (5%) 
 
+0.717 (1%) 
 
+1.339 (5%) -0.038 (1%) 
 
Birmingham 
 
/ +0.279 (5%) 
 
/ +0.297 (10%) 
 
 
/ 
Manchester 
 
-0.456 (1%) 
 
/ +0.214 (1%) 
 
/ -0.002 (1%) 
 
Note: Significance level is reported in parentheses 
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Chapter 6: Conclusion, recommendations and further research 
This dissertation set out with the aim of identifying the key economic and property variables 
impacting prime rental levels. Literature published on the topic was reviewed in order to 
select the cities, explanatory variables and methodological approach. Multiple regression 
models were built for each city based on information provided from the results of initial 
simple correlation analysis between prime rents and each of the independent variables 
separately. Three and six month lags of the independent variables meant instantaneous and 
delayed relationships were accounted for in the study. 
The findings indicate that it is possible to derive a model explaining movements in prime 
office rents for each city, albeit with varying degrees of robustness. As expected based on 
findings from the literature review, supply and GDP were two most important indicators of 
prime office rents across the study proving significant in four of the final regression models. 
Employment, interest rates and inflation were less predominant indicators of rental levels. 
Dublin provided the most satisfactory regression model. The model for Paris and Brussels 
delivered the least robust results. Companies that choose to locate in Brussels tend to be 
locationally sensitive government bodies making them somewhat inelastic to price hence the 
prime rental levels in Brussels may not be as susceptible to changes in the economy or in 
office supply.  
It is acknowledged that the paper has certain technical limitations. A slight discrepancy exists 
between the supply variable used in the model for Manchester and Birmingham compared 
with the supply variable used for the other cities in the study. Furthermore, headline rents 
were used for the dependent variable where effective rents would be more reflective of the 
office market. This particular limitation is common to the majority of the previous studies 
undertaken on this topic due to restricted data availability. Service sector employment may 
have proved more significant in the study had the data been available. Finally, it is necessary 
to interpret some of the highlighted regression models with caution because of the possibility 
of the presence of serial correlation in the model.  
The study takes place over a highly volatile period in the European office market which may 
be the reason behind some of the inconclusive results. A study over a steadier time period 
may produce more robust and consistent models. A study covering a longer period of time 
containing a sufficiently high number of observations to allow experimentation with lags 
extending to one and two years may uncover further relationships between the variables. 
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Another interesting future study might group cities by homogeneity in terms size or reliance 
on the service sector to observe whether their prime rents are influenced to a similar extent by 
the same set of variables.  
Overall, the results suggest that office markets within European have different responses to 
changes in the economy and in office supply. This implies that a strategic spread of office 
investment across Europe would be well placed in a mixed portfolio as it should add 
diversification within the real estate sector. The results of the study should add to the body of 
knowledge already available on the topic and prove useful to international investors and 
portfolio managers when allocating their expenditure in real estate.  
The research suggests that econometric modelling has a role to play in real estate investment 
decisions today. Going forward, this might encourage real estate educational institutions to 
consider placing a greater emphasis on providing students with a level of proficiency in 
statistical modelling. 
 
 
  
65 
 
Bibliography 
Ball, M., Lizieri, C. and MacGregor, B.D. (1998) The economics of commercial property 
markets, London: Routledge. 
Banerjee, A., Dolado, J.J. and Mestre, R. (1996) Error-correction mechanism tests for 
cointegration in a single-equation framework, University of Oxford: Wadham College and 
Institute of Economics and Statistics / Bank of Spain: Universidad Carlos III de Madrid and 
Research Department. 
Barras, R. and Ferguson, D. (1987) Dynamic modelling of the building cycle: 2 empirical 
results, Environment and Planning A, vol. 19, 493-520. 
Barry, F. (2005) FDI, transfer pricing and the measurement of R&D intensity, Research 
Policy, vol. 34, 673-681. 
BNP Paribas (2014) European office market 2014, BNP Paribas Real Estate Research. 
BNP Paribas (2012) European office market 2012, BNP Paribas Real Estate Research. 
Bodie, Z., Kane, A. and Marcus, A.J. (2003) Essentials of investment, 5th edition, Asia: 
McGraw Hill Education.  
Brett, I. (1993) Estimating long-run relationships in economics: a comparison of different 
approaches, Journal of Econometrics, vol. 57, (1,2,3), 53-69. 
Brounen, D. and Jennen, M. (2009a) Asymmetric properties of office rent adjustment, 
Journal of Real Estate Finance and Economics, vol. 39, 336-358.  
Brounen, D. and Jennen, M. (2009b) Local office rent dynamics - a tale of ten cities, Journal 
of Real Estate Finance and Economics, vol. 39 (4), 385-402. 
Campana, B. and Ellis, D. (2013) Reforming the benchmark similarities and differences 
between LIBOR and EURIBOR, London: FTI Consulting. 
CBRE (2014a) Extraordinarily strong volume of activity in the Irish commercial property 
market, Bi-Monthly Research Report, July 2014. 
CBRE (2014b) Dublin Office Market View, Q2 2014, Dublin: CBRE Research. 
  
66 
 
CBRE (2014c) What goes up keeps going up, Global prime office occupancy costs, Global 
Research and Consulting. 
CBRE (2014d) EMEA office occupier view, Global Research and Consulting. 
CBRE (2014e) Central London property market review, London, CBRE Research. 
CBRE (2014f) About real estate, 21 January 2014, Global Research and Consulting. 
CBRE (2013a) Global Energy Cities, EMEA ViewPoint, EMEA: Research and Consulting. 
CBRE (2013b) Prime office occupancy costs, Global Research and Consulting. 
CBRE (2012a) Banking and Finance Sector, EMEA Snapshots: H2 2012. 
CBRE (2012b) Dublin Office Market View, Q2 2012, Dublin: CBRE Research. 
CBRE (2012c) Obsolescence & refurbishment in the Dublin office market, Dublin: CBRE 
Research. 
CBRE (2010a) Dublin Office Market View, Q1 2013, Dublin: CBRE Research. 
CB Richard Ellis (2010b) A comparative analysis of competing office markets, Dublin: 
Research and Consulting. Chaplin, R. (1999) The predictability of real office rents, Journal 
of Property Research, vol. 16 (1) pp. 21-49. 
Currie, D. and Scott, A. (1991) The place of commercial property in the UK economy, 
London: London Business School. 
D’Arcy, E. and Keogh, G. (2009) Territorial competition and property market process: an 
explanatory analysis, Urban Studies, vol. 46, 687-701. 
D’Arcy, E., McGough, T. and Tsolacos, S. (1999) An econometric analysis and forecasts of 
the office rental cycle in the Dublin area, Journal of Property Research, vol. 16 (4), 309-321. 
D’Arcy, E., McGough, T. and Tsolacos, S. (1997) National economic trends, market size and 
city growth effects on European office rents, Journal of Property Research, vol. 14 (4) pp. 
297-308. 
  
67 
 
D’Arcy, E., McGough, T. and Tsolacos, S. (1995) Univariate models and cross-sectional 
analysis of office rents in twenty-five European cities, London: The ‘Cutting Edge’ Property 
Research Conference. 
De Wit, I. and Van Duk, R. (2003) The global determinants of direct office real estate 
returns, Journal of Real Estate Finance and Economics, vol. 26 (1), 27-45. 
Deutsche Bank (2005) Berlin property market: Heavily mortgaged into the future, Frankfurt: 
Deutsche Bank Research. 
Dobson, S.M. and Goddard, J.A. (1992) The determinants of commercial property prices and 
rents, Bulletin of Economic Research, vol. 44 (4), 301-321. 
DTZ (2014a) Global Occupancy Costs – Offices 2014, DTZ Research. 
DTZ (2014b) Occupier Perspective – User Guide to EMEA 2014, DTZ Research. 
DTZ (2013) Property times Central London Q4 2013, DTZ Research. 
Dunse, N. and Jones, C. (1998) A hedonic price model of office rents, Journal of Property 
Valuation and Investment, vol. 16 (3), 297-312. 
Economy Watch (2013) Germany Industry Sectors, 06/06/2013, accessed at 
http://www.economywatch.com/world_economy/germany/industry-sector-industries.html on 
10/09/2014. 
Elton, E.J., Gruber, M.J., Brown, S.J. and Goetzmann, W.N. (2003). Modern portfolio theory 
and investment analysis, 6th edition, New York: Wiley. 
Englund, P., Gunnelin, A., Hendershott, P. and Soderberg, B. (2008). Adjustment in property 
space markets: Taking long-term leases and transaction costs seriously, Real Estate 
Economics, vol. 36, 81-109. 
Ernst and Young and JLL (2013) Why invest in Paris, accessed at 
http://www.ey.com/Publication/vwLUAssets/Why_Invest_in_Paris_2013/$FILE/Why%20in
vest%20in%20Paris%20(2013)_vEN.pdf on 15/09/2014. 
Fagan, J. (2014) Dublin first in Europe for rental growth, The Irish Times, accessed at 
http://www.irishtimes.com/business/sectors/commercial-property/dublin-first-in-europe-for-
rental-growth-1.1737736 on 01/08/2014.  
  
68 
 
Farrelly, K., Sanderson, B. and Thoday, C. (2006) Natural vacancy rates in global office 
markets, Journal of Property Investment and Finance, vol. 24, 490-520. 
Flanagan, P. (2014) Blue-sky thinking for Google, The Irish Independent, accessed at 
http://www.independent.ie/business/irish/bluesky-thinking-for-google-29907773.html on 
10/08/2014.  
Gardiner, C. and Henneberry, J. (1991) Predicting regional office rents using habit-
persistence theories. Journal of Property Valuation and Investment, vol. 9, 215-226. 
Gardiner, C. and Henneberry, J. (1988) The development of a simple regional office rent 
prediction model, Journal of Valuation, vol. 7, 36-52. 
Gedye, M. and Holberton, R. (2012) Bottom line or top line? Corporate real estate views on 
the twin challenges of cost management and growth, EMEA ViewPoint, EMEA: Research and 
Consulting. 
Giussani, B. and Tsolacos, S. (1993) The office market in the UK: modelling the 
determinants of rental values, Paper presented at the AREUEA annual conference, Anaheim, 
California, USA. 
Giussani, B., Hsia, M. and Tsolacos, S. (1992) A Comparative Analysis of the Major 
Determinants of Office Rental Values in Europe, Journal of Property Valuation and 
Investment, vol. 11, 157-173. 
Grenadier, S. (1995) The persistence of real estate cycles, Journal of Real Estate Finance and 
Economics, vol. 10 (2), 95-119. 
Hekman, J.S. (1985) Rental price adjustment and investment in the office market, AREUEA 
Journal, vol. 13 (1), 32-47. 
Hendershott, P.H., Lizieri, C.M. and MacGregor, B.D. (2010) Asymmetric adjustment in the 
London office market, Real Estate Economics, vol. 41, 80-101. 
Hendershott, P.H., MacGregor, B.D. and Tse, R.Y.C. (2002a) Estimation of the rental 
adjustment process, Real Estate Economics, vol. 2, 165-183. 
  
69 
 
Hendershott, P.H., MacGregor, B.D. and White, M. (2002b) Explaining real commercial 
rents using an error correction model with panel data, Journal of Real Estate Finance and 
Economics, vol. 24, 59-87. 
Hendershott, P.H., Lizieri, C.M. and Matysiak, G.A. (1999) The workings of the London 
office market, Real Estate Economics, vol. 27 (2), 365-387. 
Hendershott, P.H. (1995) Real effective rent determination: Evidence from the Sydney office 
market, Journal of Property Research, vol. 12, 127-135. 
Ibanez, M.R. and Pennington-Cross, A. (2013) Commercial property rent dynamics in U.S. 
metropolitan areas: an examination of office, industrial, flex and retail space, Journal of Real 
Estate Finance and Economics, vol. 46, 232-259. 
Irish Building (2013) Facebook expands in Dublin, accessed at 
http://www.irishbuildingmagazine.ie/2013/10/24/facebook-expands-in-dublin/ on 
13/08/2014. 
KPMG (2014), Corporate tax rates table, accessed on 15/08/2014 at 
http://www.kpmg.com/global/en/services/tax/tax-tools-and-resources/pages/corporate-tax-
rates-table.aspx  
Krainer, J. (2001) Natural vacancy rates in commercial real estate markets, FRBSF Economic 
Letter No. 2001-27, Research department, San Francisco: Federal Reserve Bank. 
Machi, D., Mueller, G.R. and Wurtzebach, C.H. (1991) The impact of inflation and vacancy 
of real estate returns, The Journal of Real Estate Research, vol. 6 (2), 153-168. 
McCartney, J. (2012) Short and long-run rent adjustment in the Dublin office market, Journal 
of Property Research, 1-26. 
McCartney, J. (2010) Predicting turning points in the rent cycle using the natural vacancy rate 
– an applied study of the Dublin office market, Journal of Statistical and Social Inquiry 
Society of Ireland, vol. XL, 11-32. 
McCartney, J. (2008) An empirical analysis of development cycles in the Dublin office 
market 1976-2007, Quarterly Economic Commentary, (Winter), 68-92. 
  
70 
 
McDonald, J.F. (2002) A survey of econometric models of office markets, Journal of Real 
Estate Literature, vol. 10 (2), 223-242. 
Miles, M., Pringle, J. and Webb, B. (1989) Modelling the corporate real estate decision, 
Journal of Real Estate Research, vol. 4 (3), 47-66. 
Mills, E. (1995) Crisis and recovery in office markets, Journal of Real Estate Finance and 
Economics, vol. 10 (1), 49-62. 
Mills, E. (1992) Office rent determinants in the Chicago area, AREUEA Journal, vol. 20, 
273-287. 
Morrison, N. (1997) A critique of a local property forecasting model, Journal of Property 
Research, vol. 14 (3), 237-255. 
Mouzakis, F. and Richards, D. (2007) Panel Data Modelling of Prime Office Rents: A Study 
of 12 Major European Markets, Journal of Property Research, vol. 24 (1), 31–53. 
Lynford, L., Pollakowski, H. and Wachter, S. (1992) Did office market size matter in the 
1980s? a time series cross sectional analysis of metropolitan area office markets, AREUEA 
Journal, vol. 20 (2), 303-324. 
PWC and The Urban Land Institute (2014) Emerging trends in real estate, Europe 2014, 
accessed at 
http://www.pwc.be/en/publications/2014/emerging_trends_in_real_estate_europe_2014_repo
rt.pdf on 05.09.2014. 
RICS (1994) Understanding the property cycle, University of Aberdeen and IPD, London: 
RICS  
Rosen, K. (1984) Towards a model of the office building sector, Journal of American Real 
Estate and Urban Economics Association, vol. 12 (3), 261-269. 
Savills (2013) Briefing note, Berlin – a hotspot for TMT start-ups, Germany: Savills World 
Research. 
Sentence, A. (2014) UK set to recover 5th place in global economic league, U.K.: P.W.C. 
  
71 
 
Shilling, J.D., Sirmans, C.F. & Corgel, J.B. (1987) Price Adjustment Process for Rental 
Office Space, Journal of Urban Economics, vol. 22, 90–100. 
Sivitanides, P.S. (1997) The rent adjustment process and the structural vacancy rate in the 
commercial real estate market, Journal of Real Estate Research, vol. 13 (2), 195-209. 
Studenmund, A.H. (2006) Using econometrics, a practical guide, 5th edition, Pearson 
Education 
The Economist (2006) The lessons for Germany from a capital and its horrendous debt, 
27/04/2014, accessed at http://www.economist.com/node/6861839 on 15/09/2014. 
Torto, R.G. and Wheaton, W.C. (1988) Vacancy rates and the future of office rents, AREUEA 
Journal, vol. 16 (4), 430-436. 
Woolridge, J. (2003) Introductory Econometrics, A modern approach, 2nd edition, Michigan 
State University: Thomson South-Western. 
 
  
72 
 
 
 
Appendix A 
 Methodological challenges 
 
 
  
73 
 
Transaction transparency and consistency 
The availability of data is the number one constraint that appears to limit studies on this topic. 
Giussani et al (1992) identifies scarcity of rigorous and standardised information preventing 
accurate comparative analysis across European markets. Some of the limitations encountered 
in his study include the fact that the available time-series data on European office rents is 
limited to nine annual observations between 1983 and 1991. The study carried out analysis of 
the effect of each independent variable on rental levels separately to avoid multicollinearity. 
Multicollinearity occurs in a model where the independent variables are closely correlated to 
one another, which is undesirable. Multicollinearity was expected due to the close correlation 
of many of the demand side independent variables which tend to capture corresponding 
cyclical variations in economic activity. Studies carried out across a number of countries are 
often forced to use varying data for each market. Mouzakis and Richards (2007) point out 
that the geographical scope of the stock variable data used in their study is wider than the 
scope of the prime rents data. Although prime rents tend to be associated with the CBD the 
decentralizing tendencies within city regions may mean that the limited scope of rental data 
could be a theoretical error. For example, the docklands in London is not always included as 
it has emerged over recent years and would not form part of the traditional CBD. Total office 
stock data used does not always accurately account for demolitions and development 
completions. Mouzakis and Richards (2007) develop a stylized floor space stock for their 
study using estimated elasticity of change in floor space to the total level of development 
completions. This calculates estimates which are based solely on the level of development 
completions. While this is one method of trying to overcome data limitations it cannot 
accurately reflect the markets covered. The authors themselves acknowledge that the 
floorspace stock data would benefit from further refinement. This is just one example of the 
many studies including Dobson and Goddard (1992) and Hendershott (1999) that use various 
methods and proxies for data which are open to scrutiny when it comes to accuracy and 
consistency of the data used. 
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Market practice changes  
There are numerous cultural factors that may affect the level of demand for office space from 
one period to the next. Shifts in the level of demand impact on the demand / supply 
equilibrium and thereby affect rental levels. These may form a limitation in an empirical 
study as it is difficult to quantify the impact of cultural change. Giussani and Tsolacos (1991) 
point out that a change in the vacancy rate can be an important indicator of the mismatch 
between property supplied and occupier requirements. Dobson and Goddard (1992) draw 
attention to the fact that over the period of their study (1972 – 1987) floor space employment 
ratios were implicitly assumed to remain constant. This study concludes that employment 
was an insignificant determinant of real office rents. Changes over time in the ‘way of 
working’ may however impact the space requirements of a company making Dobson and 
Goddard’s assumption of constant floor space ratios a limitation in the study. Many 
companies are adopting ‘paperless’ offices which eliminates the need for file storage. The 
idea of ‘flexible working’ which allows employees to work from home or locations other than 
a designated desk within an office should reduce the amount of office space needed by a 
company. The enhancement of technology may also have a negative impact on the demand 
for office space. An example of this would be from a time period when each employee was 
assigned to a computer that necessitated a large ‘drive’ to accompany it to the advancement 
to the stage today where employees can work from a portable laptop. This eliminates the 
necessity for each employee to have their own desk and facilitates the idea of ‘hot-desking’ 
which is becoming increasingly popular among today’s companies. This is especially 
beneficial to companies where employees spend varying amounts of time working away from 
the office, for instance on site or at meetings, as it eliminates wasted space. DTZ (2014a) 
report that the global best practice space per workstation has decreased by 8 percent from 13 
sq.m. to 12 sq.m. since 2009. These changes are difficult to measure and are rarely accounted 
for in empirical studies. The issue that demand for office space will depend on floor space per 
worker is emphasized in Hendershott et al (1999) where employment data is used as a 
variable in their empirical study of the London office market. 
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Effective rents 
When a rental level is agreed between a landlord and a new tenant it is generally assumed 
that the occupier will also be agreeing to a package of incentives that is typical of the market 
at the time. These incentives such as rent-free periods and contributions to fit-out costs which 
make up the ‘effective rent’ are not accounted for in the rental data used across the majority 
of studies carried out because the information is unavailable. Often, incentives react more 
quickly than headline rents and follow a more volatile cycle (Mouzakis and Richards, 2007; 
Farrelly et al, 2006; Hendershott, 2000). The use of headline rents is acknowledged as a 
limitation however it is one that cannot be easily overcome and is common to the majority of 
previous studies (McCartney, 2012; Brounen and Jennen, 2009b; D’Arcy et al, 1997). Some 
studies including D’Arcy et al (1997) and Mills (1992) were only able to access asking rents. 
The Torto Wheaton Research (TWR) Model is the exception. This model provides six year 
forecasts for office employment, stock of office space, completions, net absorption, vacancy 
rate and the rent index for 54 metropolitan office markets. An econometric model is 
estimated for each market based on data from CBRE which takes into account broker’s 
commission and months of rent-free. TWR contains semi-annual data from approximately 
1979 (McDonald, 2002). Webb and Fisher’s (1996) study of office rents in downtown 
Chicago (1985-1991) showed that effective rent was much more volatile than other measures 
of rent such as quoting rent or stated contract rent. 
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London West End 
The city of London has a population of approximately 8.3 million people. London’s office 
market is divided into five submarkets, Central London, London City, Docklands, South 
Bank and West End. London West End is the market considered in this study. Recovery in 
this market has lagged behind others (CBRE, 2014e). However, London West End remains 
the most expensive city in DTZ’s (2014) global office occupancy costs for 2012 and 2013. 
Take-up of approximately 1.7 million sq.m. was achieved in 2013 (DTZ, 2013). The business 
services sector currently accounts for the highest level of take-up at 33 percent for Q2 2014.  
Prime rental levels as at Q1 2014 stand at £1,157 per sq.m, a steady increase since 2009 
(CBRE, 2014). London is a leading European technology, media and telecommunications 
(TMT) start-up hub. It is renowned for its funding, support conditions, geographic closeness 
to clients and investors and flexible tax system (Savills, 2013). 
On the real estate investment front, London is currently the most active city in Europe with 
€20 billion worth of investment transactions occurring from Q1 – Q3 2013 (PWC and ULI, 
2014). 
Prime rents and percentage change in prime rents Q1 2001 to Q1 2014: 
  
Source: CBRE Research 
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Paris 
The city of Paris has a population of approximately 12.2 million people. Paris ranks ninth 
most expensive city in DTZ’s global occupancy costs at the end of 2013. Take-up of 
1,571,000 sq.m. was achieved in 2013; down 23 percent from 2012 (BNP Paribas, 2014). 
Prime rent levels are €800 per sq.m. as at Q1 2014, this is a drop from levels in 2012 and 
2011 but in line with a ten year average of €788 per sq.m. (CBRE, 2014). The office market 
in Paris has suffered as a result of political uneasiness, high taxation, persistently high 
unemployment and the country’s extensive debt (PWC and ULI, 2014). However, the 
Parisian economy has outperformed the national economy due to the resilience of the tertiary 
sector. On the real estate investment front, Paris is currently the second most active city in 
Europe with €8 billion worth of investment transactions occurring from Q1 – Q3 2013 (PWC 
and ULI, 2014). France has seen a year-on-year decline in investment between 2012 and 
2013 (CBRE, 2014f). This is unlike the trend in most other European countries that have 
experienced increasing levels of investment over the past 18 months. 
Prime rents and percentage change in prime rents Q1 2001 to Q1 2014: 
  
Source: CBRE Research 
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Berlin 
The city of Berlin has a population of approximately 3.5 million people. Berlin was chosen 
for the study as the capital city of Germany. Although it is the capital city, its office market 
lags behind that of Munich. Berlin ranks 42nd most expensive city in DTZ’s global office 
occupancy costs at the end of 2013 while Munich lies 18th most expensive city. Take-up for 
2013 was 453,000 sq.m., on par with its long term average of approximately 500,000 sq.m. 
per annum however it was 17 percent lower than that recorded in 2012 (BNP Paribas, 2014). 
Prime rental levels as at Q1 2014 are €270 per sq.m. This exhibits a steady increase from 
2009 and above the ten year average of €264.90 per sq.m. Previously, tenant demand was 
government led however the tenant base has become more diverse. Berlin hosts a young 
population and has built a reputation as a European TMT hub (Savills, 2013 and PWC and 
ULI, 2014). The city was named 15th in Telefonica’s global TMT top start-up hubs. A lack of 
funding and infrastructure support has meant that the city is behind London at number seven 
and Paris at number eleven. The start-up scene has developed strongly over the last five years 
and it is believed that it will continue to grow (Savills, 2013). London, Paris and Berlin are 
the only European cities listed in the top 20 in Telefonica’s global TMT top start-up hubs. 
The city’s relatively cheap office and housing costs and the stability of the German economy 
are all attractive features for start-ups. Start-ups account for 54.8 percent of the TMT sector 
in Berlin while the TMT sector accounts for 18 percent of total take up for 2012. The Biotech 
industry is also prevalent in Berlin. However, despite the heavy presence of these two sectors 
the office market as a whole has struggled over the past decade. After the Second World War 
the city became hugely indebted as a result of massive expenditure on bureaucracies, 
infrastructure and a lack of tough political decisions (The economist, 2006).  
The level of debt in Berlin relative to nominal GDP grew from approximately 15 percent in 
1991 to almost 70 percent in 2003 (Deutsche Bank, 2005). At the end of 2000, when London 
West End, Paris and Dublin’s vacancy rates were between 1.5 and 4.0 percent, the vacancy 
rate in Berlin was 8.16 percent (CBRE, 2014). This supply was created as a result of overly 
optimistic population and economic forecasts and spurred on by generous subsidies, the same 
reasons that led to such a substantial increase in debt (Deutsche Bank, 2005).    
Germany, along with the Nordics, allow for considerably more space per employee compared 
to Southern Europe (DTZ, 2014a). On the real estate investment front, Berlin is currently the 
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third most active city in Europe with €4 billion worth of investment transactions occurring 
from Q1 to Q3 2013 (PWC and ULI, 2014). 
Prime rents and percentage change in prime rents Q1 2001 to Q1 2014: 
  
Source: CBRE Research 
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Brussels 
Brussels has a somewhat unique office market within Europe. Despite having a small 
population of approximately 1.1 million people, comparable with Dublin and Birmingham, 
the city is a major political capital. Brussels ranks 47th most expensive city in DTZ’s global 
occupancy costs at the end of 2013 (DTZ, 2014a). Take-up achieved in 2013 was 314,600 sq 
m. This represents a fall of 29 percent from 2012 but in line with 2011 levels. Average take 
up per annum over the past ten years has been approximately 500,000 sq.m. Prime rent in the 
city is €285 per sq.m., unchanged from 2009 but below the ten year average of €297 per 
sq.m. Rents are expected to remain consistent over 2014 and have demonstrated little 
volatility over past four years (PWC and ULI, 2014). The office market in Brussels is heavily 
reliant on the public sector (Brounen and Jennen, 2009b; PWC and ULI, 2014). Vacancy 
rates have been persistently high at between 10 and 12 percent since 2009.  
Prime rents and percentage change in prime rents Q1 2001 to Q1 2014: 
  
Source: CBRE Research 
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Dublin 
The city of Dublin has a population of approximately 1.3 million people. Dublin ranks 43rd 
most expensive city in DTZ’s global occupancy costs at the end of 2013 (DTZ, 2014a). Take-
up of 195,700 sq.m. was achieved in 2013, which is in excess of its long term average of in 
excess of 20,000 sq.m.(BNP Paribas, 2014).  Prime rental levels are €377 per sq.m. at Q1 
2014. They have been on an upward trend from 2011 but remain below their ten year average 
of €482 per sq.m. Legislation enacted in 2010 abolished the provision of upward only rent 
reviews (UORR) in leases going forward. The Irish economy has achieved improvements in 
GDP, employment and consumer sentiment since its early exit from the EU/IMF bailout in 
December 2013. Investors have taken advantage of these improving conditions with 
investment in Ireland for 2013 at €1.7 billion, which is the highest level of investment since 
2007.  
Prime rents and percentage change in prime rents Q1 2001 to Q1 2014: 
  
Source: CBRE Research 
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Birmingham 
The city of Birmingham has a population of approximately 1.1 million people. It is the UK’s 
second largest city. Birmingham ranks 61st most expensive city in DTZ’s global occupancy 
costs at the end of 2013 (DTZ, 2014a). Take-up for 2013 was 61,700 sq.m. and while this is 
an increase of approximately 33 percent on 2012, it is in line with the levels achieved for 
three consecutive years prior to that (BNP Paribas, 2014). Prime rents have remained steady 
over the past couple of years at £307 per sq.m. On the investment front the city is emerging 
as a new favourite for the less cash-rich that cannot take the low yields and large lot sizes that 
London offers (PWC and ULI, 2014).  
Prime rents and percentage change in prime rents Q1 2001 to Q1 2014: 
  
Source: CBRE Research 
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Manchester 
The city of Manchester has a population of approximately 500,000 people. Manchester ranks 
48th most expensive city in DTZ’s global occupancy costs at the end of 2013 (DTZ, 2014a). 
Office take-up for 2013 was approximately 80,000 sq.m., this is well below its peak in 2005 
of approximately 360,000 sq.m. but an increase on levels achieved in 2011 and 2012. 
Average take-up over the past ten years lies around 100,000 sq.m. Prime rental levels are 
£323 per sq.m., unchanged since Q1 2012.  
Prime rents and percentage change in prime rents Q1 2001 to Q1 2014: 
  
Source: CBRE Research 
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Appendix C 
 Correlations  
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Simple one variable correlations by city 
London West-End 
**. Correlation is significant at the 0.01 level (2-tailed). 
*. Correlation is significant at the 0.05 level (2-tailed). 
  
% Change Rent 
London WE 
% Vacancy 
London WE 
Lag1 Vacancy 
Rate London 
WE 
Lag2 Vacancy 
Rate London 
WE 
% Change Rent 
London WE 
Correlation 1 -.325* -.119 .054 
Sig. (2-tailed)   .014 .383 .693 
% Vacancy 
London WE 
Correlation -.325* 1 .949** .856** 
Sig. (2-tailed) .014   .000 .000 
Lag1 Vacancy 
Rate London WE 
Correlation -.119 .949** 1 .949** 
Sig. (2-tailed) .383 .000   .000 
Lag2 Vacancy 
Rate London WE 
Correlation .054 .856** .949** 1 
Sig. (2-tailed) .693 .000 .000   
 
 
  
% Change Rent 
London WE Employment UK 
Lag1 
Employment UK 
Lag2 
Employment UK 
% Change Rent 
London WE 
Correlation 1 -.063 -.035 -.038 
Sig. (2-tailed)   .643 .797 .785 
Employment UK Correlation -.063 1 .968** .922** 
Sig. (2-tailed) .643   .000 .000 
Lag1 
Employment UK 
Correlation -.035 .968** 1 .966** 
Sig. (2-tailed) .797 .000   .000 
Lag2 
Employment UK 
Correlation -.038 .922** .966** 1 
Sig. (2-tailed) .785 .000 .000   
 
  
% Change Rent 
London WE GDP UK Lag1 GDP UK Lag2 GDP UK 
% Change Rent 
London WE 
Correlation 1 .321* .257 .393** 
Sig. (2-tailed)   .015 .056 .003 
GDP UK Correlation .321* 1 .148 -.014 
Sig. (2-tailed) .015   .277 .919 
Lag1 GDP UK Correlation .257 .148 1 .148 
Sig. (2-tailed) .056 .277   .282 
Lag2 GDP UK Correlation .393** -.014 .148 1 
Sig. (2-tailed) .003 .919 .282   
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% Change Rent 
London WE Inflation UK 
Lag1 Inflation 
UK 
Lag2 Inflation 
UK 
% Change Rent 
London WE 
Correlation 1 -.048 -.027 -.013 
Sig. (2-tailed)   .721 .844 .927 
Inflation UK Correlation -.048 1 .999** .998** 
Sig. (2-tailed) .721   .000 .000 
Lag1 Inflation UK Correlation -.027 .999** 1 .999** 
Sig. (2-tailed) .844 .000   .000 
Lag2 Inflation UK Correlation -.013 .998** .999** 1 
Sig. (2-tailed) .927 .000 .000   
 
  
% Change Rent 
London WE Interest rate 
Lag1 Interest 
rate 
Lag2 Interest 
rate 
% Change Rent 
London WE 
Correlation 1 .288* .129 -.004 
Sig. (2-tailed)   .030 .342 .977 
Interest rate Correlation .288* 1 .977** .928** 
Sig. (2-tailed) .030   .000 .000 
Lag1 Interest rate Correlation .129 .977** 1 .977** 
Sig. (2-tailed) .342 .000   .000 
Lag2 Interest rate Correlation -.004 .928** .977** 1 
Sig. (2-tailed) .977 .000 .000   
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Paris 
  
% Change 
Rent Paris 
% Vacancy 
Paris 
Lag1 Vacancy 
Rate France 
Lag2 Vacancy 
Rate France 
% Change Rent 
Paris 
Correlation 1 -.282* -.136 -.067 
Sig. (2-tailed)   .033 .317 .626 
% Vacancy Paris Correlation -.282* 1 .975** .927** 
Sig. (2-tailed) .033   .000 .000 
Lag1 Vacancy 
Rate France 
Correlation -.136 .975** 1 .974** 
Sig. (2-tailed) .317 .000   .000 
Lag2 Vacancy 
Rate France 
Correlation -.067 .927** .974** 1 
Sig. (2-tailed) .626 .000 .000   
 
  
% Change 
Rent Paris 
Employment 
France 
Lag1 
Employment 
France 
Lag2 
Employment 
France 
% Change Rent 
Paris 
Correlation 1 -.048 -.139 -.142 
Sig. (2-tailed)   .723 .308 .302 
Employment 
France 
Correlation -.048 1 .115 .053 
Sig. (2-tailed) .723   .397 .701 
Lag1 Employment 
France 
Correlation -.139 .115 1 .969** 
Sig. (2-tailed) .308 .397   .000 
Lag2 Employment 
France 
Correlation -.142 .053 .969** 1 
Sig. (2-tailed) .302 .701 .000   
 
  
% Change 
Rent Paris GDP France 
Lag1 GDP 
France 
Lag2 GDP 
France 
% Change Rent 
Paris 
Correlation 1 .244 .123 .172 
Sig. (2-tailed)   .068 .366 .211 
GDP France Correlation .244 1 .679** .401** 
Sig. (2-tailed) .068   .000 .002 
Lag1 GDP France Correlation .123 .679** 1 .684** 
Sig. (2-tailed) .366 .000   .000 
Lag2 GDP France Correlation .172 .401** .684** 1 
Sig. (2-tailed) .211 .002 .000   
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% Change 
Rent Paris 
Inflation 
France 
Lag1 Inflation 
France 
Lag2 Inflation 
France 
% Change Rent 
Paris 
Correlation 1 -.195 -.068 -.072 
Sig. (2-tailed)   .147 .618 .599 
Inflation France Correlation -.195 1 .998** .996** 
Sig. (2-tailed) .147   .000 .000 
Lag1 Inflation 
France 
Correlation -.068 .998** 1 .998** 
Sig. (2-tailed) .618 .000   .000 
Lag2 Inflation 
France 
Correlation -.072 .996** .998** 1 
Sig. (2-tailed) .599 .000 .000   
 
  
% Change 
Rent Paris 
Interest Rate 
France 
Lag1 Interest 
rate 
Lag2 Interest 
rate 
% Change Rent 
Paris 
Correlation 1 .278* .177 .136 
Sig. (2-tailed)   .036 .193 .322 
 Interest rate Correlation .278* 1 .977** .928** 
Sig. (2-tailed) .036   .000 .000 
Lag1 Interest rate Correlation .177 .977** 1 .977** 
Sig. (2-tailed) .193 .000   .000 
Lag2 Interest rate Correlation .136 .928** .977** 1 
Sig. (2-tailed) .322 .000 .000   
      
 
  
% Change 
Rent Paris Euribor Lag1 Euribor Lag2 Euribor 
% Change Rent 
Paris 
Correlation 1 .139 .022 -.078 
Sig. (2-tailed)   .302 .872 .572 
Euribor Correlation .139 1 .953** .861** 
Sig. (2-tailed) .302   .000 .000 
Lag1 Euribor Correlation .022 .953** 1 .951** 
Sig. (2-tailed) .872 .000   .000 
Lag2 Euribor Correlation -.078 .861** .951** 1 
Sig. (2-tailed) .572 .000 .000   
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Berlin 
  
% Change 
Rent Berlin 
% Vacancy 
Berlin 
Lag1 Vacancy 
Rate Germany 
Lag2 
Vacancy 
Rate 
Germany 
% Change Rent 
Berlin 
Correlation 1 .304* .336* .457** 
Sig. (2-tailed)   .025 .014 .001 
% Vacancy Berlin Correlation .304* 1 .953** .883** 
Sig. (2-tailed) .025   .000 .000 
Lag1 Vacancy 
Rate Germany 
Correlation .336* .953** 1 .953** 
Sig. (2-tailed) .014 .000   .000 
Lag2 Vacancy 
Rate Germany 
Correlation .457** .883** .953** 1 
Sig. (2-tailed) .001 .000 .000   
 
  
% Change 
Rent Berlin 
Employment 
Germany 
Lag1 
Employment 
Germany 
Lag2 
Employment 
Germany 
% Change Rent 
Berlin 
Correlation 1 .037 -.254 -.247 
Sig. (2-tailed)   .783 .058 .069 
Employment 
Germany 
Correlation .037 1 .380** .367** 
Sig. (2-tailed) .783   .004 .006 
Lag1 Employment 
Germany 
Correlation -.254 .380** 1 .372** 
Sig. (2-tailed) .058 .004   .005 
Lag2 Employment 
Germany 
Correlation -.247 .367** .372** 1 
Sig. (2-tailed) .069 .006 .005   
 
  
% Change 
Rent Berlin GDP Germany 
Lag1 GDP 
Germany 
Lag2 GDP 
Germany 
% Change Rent 
Berlin 
Correlation 1 .043 -.091 -.339* 
Sig. (2-tailed)   .752 .503 .011 
GDP Germany Correlation .043 1 .090 -.155 
Sig. (2-tailed) .752   .509 .259 
Lag1 GDP 
Germany 
Correlation -.091 .090 1 .090 
Sig. (2-tailed) .503 .509   .514 
Lag2 GDP 
Germany 
Correlation -.339* -.155 .090 1 
Sig. (2-tailed) .011 .259 .514   
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% Change 
Rent Berlin 
Inflation 
Germany 
Lag1 Inflation 
Germany 
Lag2 
Inflation 
Germany 
% Change Rent 
Berlin 
Correlation 1 .106 .094 .162 
Sig. (2-tailed)   .433 .491 .236 
Inflation Germany Correlation .106 1 .998** .996** 
Sig. (2-tailed) .433   .000 .000 
Lag1 Inflation 
Germany 
Correlation .094 .998** 1 .998** 
Sig. (2-tailed) .491 .000   .000 
Lag2 Inflation 
Germany 
Correlation .162 .996** .998** 1 
Sig. (2-tailed) .236 .000 .000   
 
  
% Change 
Rent Berlin Interest rate 
Lag1 Interest 
rate 
Lag2 Interest 
rate 
% Change Rent 
Berlin 
Correlation 1 .080 .044 -.084 
Sig. (2-tailed)   .553 .745 .542 
Interest Rate Correlation .080 1 .977** .928** 
Sig. (2-tailed) .553   .000 .000 
Lag1 Interest rate Correlation .044 .977** 1 .977** 
Sig. (2-tailed) .745 .000   .000 
Lag2 Interest rate Correlation -.084 .928** .977** 1 
Sig. (2-tailed) .542 .000 .000   
 
  
% Change 
Rent Berlin Euribor Lag1 Euribor Lag2 Euribor 
% Change Rent 
Berlin 
Correlation 1 -.028 -.156 -.260 
  Sig. (2-tailed)   .837 .250 .055 
Euribor Correlation -.028 1 .953** .861** 
  Sig. (2-tailed) .837   .000 .000 
Lag1 Euribor Correlation -.156 .953** 1 .951** 
  Sig. (2-tailed) .250 .000   .000 
Lag2 Euribor Correlation -.260 .861** .951** 1 
  Sig. (2-tailed) .055 .000 .000   
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Brussels  
  
% Change  
Rent Brussels 
% Vacancy 
Brussels 
Lag1 Vacancy 
Rate Brussels 
Lag2 Vacancy 
Rate Brussels 
% Change Rent 
Brussels 
Correlation 1 -.259 -.233 -.240 
  Sig. (2-tailed)   .062 .093 .086 
% Vacancy Brussels Correlation -.259 1 .972** .929** 
  Sig. (2-tailed) .062   .000 .000 
Lag1 Vacancy Rate Correlation -.233 .972** 1 .973** 
  Sig. (2-tailed) .093 .000   .000 
Lag2 Vacancy Rate Correlation -.240 .929** .973** 1 
  Sig. (2-tailed) .086 .000 .000   
 
  
% Change 
Rent Brussels 
Employment 
Belgium 
Lag1 
Employment 
Brussels 
Lag2 
Employment 
Brussels 
% Change Rent 
Brussels 
 Correlation 1 -.371** -.335* -.311* 
Sig. (2-tailed)   .006 .014 .023 
Employment Belgium  Correlation -.371** 1 .973** .963** 
Sig. (2-tailed) .006   .000 .000 
Lag1 Employment 
Brussels 
Correlation -.335* .973** 1 .973** 
Sig. (2-tailed) .014 .000   .000 
Lag2 Employment 
Brussels 
 Correlation -.311* .963** .973** 1 
Sig. (2-tailed) .023 .000 .000   
 
  
% Change 
Rent Brussels 
GDP 
Belgium 
Lag1 GDP 
Brussels 
Lag2 GDP 
Brussels 
% Change Rent 
Brussels 
  
Correlation 1 .143 -.066 -.167 
Sig. (2-tailed)   .308 .637 .233 
GDP Belgium  Correlation .143 1 -.159 -.040 
  Sig. (2-tailed) .308   .242 .773 
Lag1 GDP Brussels Correlation -.066 -.159 1 -.203 
  Sig. (2-tailed) .637 .242   .137 
Lag2 GDP Brussels Correlation -.167 -.040 -.203 1 
  Sig. (2-tailed) .233 .773 .137   
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% Change 
Rent Brussels Inflation Belgium 
Lag1 Inflation 
Brussels 
Lag2 Inflation 
Brussels 
% Change Rent 
Brussels 
 Correlation 1 -.320* -.332* -.329* 
  Sig. (2-tailed)   .019 .015 .016 
Inflation Belgium Correlation -.320* 1 .998** .995** 
  Sig. (2-tailed) .019   .000 .000 
Lag1 Inflation 
Brussels 
 Correlation -.332* .998** 1 .998** 
  Sig. (2-tailed) .015 .000   .000 
Lag2 Inflation 
Brussels 
Correlation -.329* .995** .998** 1 
  Sig. (2-tailed) .016 .000 .000   
 
  
% Change 
Rent Brussels 
Interest Rate 
Belgium Lag1 LIBOR Lag2 LIBOR 
% Change Rent 
Brussels 
 Correlation 1 .165 .092 .052 
  Sig. (2-tailed)   .238 .514 .712 
Interest Rate 
Belgium 
 Correlation .165 1 .977** .928** 
  Sig. (2-tailed) .238   .000 .000 
Lag1 LIBOR  Correlation .092 .977** 1 .977** 
  Sig. (2-tailed) .514 .000   .000 
Lag2 LIBOR  Correlation .052 .928** .977** 1 
  Sig. (2-tailed) .712 .000 .000   
 
  
% Change 
Rent Brussels Euribor Lag1 Euribor Lag2 Euribor 
% Change Rent 
Brussels 
 Correlation 1 .050 .074 .066 
Sig. (2-tailed)   .722 .600 .638 
Euribor  Correlation .050 1 .953** .861** 
Sig. (2-tailed) .722   .000 .000 
Lag1 Euribor  Correlation .074 .953** 1 .951** 
Sig. (2-tailed) .600 .000   .000 
Lag2 Euribor  Correlation .066 .861** .951** 1 
Sig. (2-tailed) .638 .000 .000   
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Dublin 
  
% Change Rent 
Dublin 
% Vacancy 
Dublin 
Lag1 Dublin 
Vacancy Rate 
Lag2 Dublin 
Vacancy Rate 
% Change Rent 
Dublin 
Correlation 1 -.435** -.305* -.146 
Sig. (2-tailed)   .001 .022 .286 
% Vacancy 
Dublin 
Correlation -.435** 1 .958** .897** 
Sig. (2-tailed) .001   .000 .000 
Lag1 Dublin 
Vacancy Rate 
Correlation -.305* .958** 1 .959** 
Sig. (2-tailed) .022 .000   .000 
Lag2 Dublin 
Vacancy Rate 
Correlation -.146 .897** .959** 1 
Sig. (2-tailed) .286 .000 .000   
 
 
  
% Change Rent 
Dublin 
Employment 
Ireland 
Lag2 Ireland 
Employment 
Lag1 Ireland 
Employment 
% Change Rent 
Dublin 
Correlation 1 -.089 -.198 -.139 
Sig. (2-tailed)   .511 .147 .308 
Employment 
Ireland 
Correlation -.089 1 .940** .973** 
Sig. (2-tailed) .511   .000 .000 
Lag2 Ireland 
Employment 
Correlation -.198 .940** 1 .974** 
Sig. (2-tailed) .147 .000   .000 
Lag1 Ireland 
Employment 
Correlation -.139 .973** .974** 1 
Sig. (2-tailed) .308 .000 .000   
 
 
  
% Change Rent 
Dublin GDP Ireland 
Lag1 GDP 
Ireland 
Lag2 GDP 
Ireland 
% Ch Rent Dublin Correlation 1 .343** .154 .216 
  Sig. (2-tailed)   .009 .256 .113 
GDP Ireland Correlation .343** 1 -.121 .145 
  Sig. (2-tailed) .009   .376 .291 
Lag1 GDP Ireland Correlation .154 -.121 1 -.122 
  Sig. (2-tailed) .256 .376   .375 
Lag2 GDP Ireland Correlation .216 .145 -.122 1 
  Sig. (2-tailed) .113 .291 .375   
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% Change Rent 
Dublin Inflation Ireland 
Lag1 Inflation 
Ireland 
Lag2 Inflation 
Ireland 
% Change Rent 
Dublin 
Correlation 1 -.234 -.211 -.184 
Sig. (2-tailed)   .080 .118 .179 
Inflation Ireland Correlation -.234 1 .997** .991** 
Sig. (2-tailed) .080   .000 .000 
Lag1 Inflation 
Ireland 
Correlation -.211 .997** 1 .996** 
Sig. (2-tailed) .118 .000   .000 
Lag2 Inflation 
Ireland 
Correlation -.184 .991** .996** 1 
Sig. (2-tailed) .179 .000 .000   
 
  
% Change Rent 
Dublin Interest Rate 
Lag1 Interest 
Rate 
Lag2 Interest 
Rate 
% Change Rent 
Dublin 
Correlation 1 .350** .277* .157 
Sig. (2-tailed)   .008 .039 .251 
Interest Rate  Correlation .350** 1 .977** .928** 
Sig. (2-tailed) .008   .000 .000 
Lag1 Interest 
Rate  
Correlation .277* .977** 1 .977** 
Sig. (2-tailed) .039 .000   .000 
Lag2 Interest 
Rate  
Correlation .157 .928** .977** 1 
Sig. (2-tailed) .251 .000 .000   
 
  
% Change Rent 
Dublin Euribor Lag1 Euribor Lag2 Euribor 
% Change Rent 
Dublin 
 Correlation 1 .074 -.101 -.232 
Sig. (2-tailed)   .585 .461 .088 
Euribor Correlation .074 1 .953** .861** 
  Sig. (2-tailed) .585   .000 .000 
Lag1 Euribor  Correlation -.101 .953** 1 .951** 
  Sig. (2-tailed) .461 .000   .000 
Lag2 Euribor  Correlation -.232 .861** .951** 1 
  Sig. (2-tailed) .088 .000 .000   
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Birmingham 
  
% Change Rent 
Birmingham 
% Availability 
Birmingham 
Lag1 Availability 
Rate 
Birmingham 
Lag2 Availability 
Rate 
Birmingham 
% Change Rent 
Birmingham 
Correlation 1 -.179 -.145 -.080 
Sig. (2-tailed)   .195 .300 .572 
% Availability 
Birmingham 
Correlation -.179 1 .979** .945** 
Sig. (2-tailed) .195   .000 .000 
Lag1 Availability 
Rate Birmingham 
Correlation -.145 .979** 1 .979** 
Sig. (2-tailed) .300 .000   .000 
Lag2 Availability 
Rate  Birmingham 
Correlation -.080 .945** .979** 1 
Sig. (2-tailed) .572 .000 .000   
 
  
% Change Rent 
Birmingham Employment UK 
Lag1 
Employment UK 
Lag2 
Employment UK 
% Change Rent 
Birmingham 
Correlation 1 -.189 -.269* -.353** 
Sig. (2-tailed)   .158 .045 .008 
Employment UK Correlation -.189 1 .968** .922** 
Sig. (2-tailed) .158   .000 .000 
Lag1 
Employment UK 
Correlation -.269* .968** 1 .966** 
Sig. (2-tailed) .045 .000   .000 
Lag2 
Employment UK 
Correlation -.353** .922** .966** 1 
Sig. (2-tailed) .008 .000 .000   
 
  
% Change Rent 
Birmingham GDP UK Lag1 GDP UK Lag2 GDP UK 
% Change Rent 
Birmingham 
Correlation 1 .078 .152 .346** 
Sig. (2-tailed)   .563 .264 .010 
GDP UK Correlation .078 1 .148 -.014 
Sig. (2-tailed) .563   .277 .919 
Lag1 GDP UK Correlation .152 .148 1 .148 
Sig. (2-tailed) .264 .277   .282 
Lag2 GDP UK Correlation .346** -.014 .148 1 
Sig. (2-tailed) .010 .919 .282   
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% Change Rent 
Birmingham Inflation UK 
Lag1 Inflation 
UK 
Lag2 Inflation 
UK 
% Change Rent 
Birmingham 
Correlation 1 -.214 -.227 -.233 
Sig. (2-tailed)   .110 .093 .086 
Inflation UK Correlation -.214 1 .999** .998** 
Sig. (2-tailed) .110   .000 .000 
Lag1 Inflation UK Correlation -.227 .999** 1 .999** 
Sig. (2-tailed) .093 .000   .000 
Lag2 Inflation UK Correlation -.233 .998** .999** 1 
Sig. (2-tailed) .086 .000 .000   
 
  
% Change Rent 
Birmingham Interest rate 
Lag1 Interest 
rate 
Lag2 Interest 
rate 
% Change Rent 
Birmingham 
Correlation 1 .322* .237 .141 
Sig. (2-tailed)   .015 .079 .303 
Interest rate Correlation .322* 1 .977** .928** 
Sig. (2-tailed) .015   .000 .000 
Lag1 Interest rate Correlation .237 .977** 1 .977** 
Sig. (2-tailed) .079 .000   .000 
Lag2 Interest rate Correlation .141 .928** .977** 1 
Sig. (2-tailed) .303 .000 .000   
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Manchester 
  
% Change Rent 
Manchester 
% Availability 
Manchester 
Lag1 Availability 
Rate 
Manchester 
Lag2 Availability 
Rate 
Manchester 
% Change Rent 
Manchester 
Correlation 1 -.335* -.298* -.263 
Sig. (2-tailed)   .014 .030 .059 
% Availability 
Manchester 
Correlation -.335* 1 .990** .974** 
Sig. (2-tailed) .014   .000 .000 
Lag1 Availability 
Rate Manchester 
Correlation -.298* .990** 1 .990** 
Sig. (2-tailed) .030 .000   .000 
Lag2 Availability 
Rate Manchester 
Correlation -.263 .974** .990** 1 
Sig. (2-tailed) .059 .000 .000   
 
 
  
% Change Rent 
Manchester Employment UK 
Lag1 
Employment UK 
Lag2 
Employment UK 
% Change Rent 
Manchester 
Correlation 1 -.351** -.389** -.378** 
  Sig. (2-tailed)   .007 .003 .004 
Employment UK Correlation -.351** 1 .968** .922** 
  Sig. (2-tailed) .007   .000 .000 
Lag1 
Employment UK 
Correlation -.389** .968** 1 .966** 
  Sig. (2-tailed) .003 .000   .000 
Lag2 
Employment UK 
Correlation -.378** .922** .966** 1 
  Sig. (2-tailed) .004 .000 .000   
 
  
% Change Rent 
Manchester GDP UK Lag1 GDP UK Lag2 GDP UK 
% Change Rent 
Manchester 
Correlation 1 .111 .091 .189 
Sig. (2-tailed)   .411 .506 .168 
GDP UK Correlation .111 1 .148 -.014 
Sig. (2-tailed) .411   .277 .919 
Lag1 GDP UK Correlation .091 .148 1 .148 
Sig. (2-tailed) .506 .277   .282 
Lag2 GDP UK Correlation .189 -.014 .148 1 
Sig. (2-tailed) .168 .919 .282   
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% Change Rent 
Manchester Inflation UK 
Lag1 Inflation 
UK 
Lag2 Inflation 
UK 
% Change Rent 
Manchester 
Correlation 1 -.309* -.332* -.306* 
Sig. (2-tailed)   .019 .012 .023 
Inflation UK Correlation -.309* 1 .999** .998** 
Sig. (2-tailed) .019   .000 .000 
Lag1 Inflation UK Correlation -.332* .999** 1 .999** 
Sig. (2-tailed) .012 .000   .000 
Lag2 Inflation UK Correlation -.306* .998** .999** 1 
Sig. (2-tailed) .023 .000 .000   
 
  
% Change Rent 
Manchester Interest rate 
Lag1 Interest 
rate 
Lag2 Interest 
rate 
% Change Rent 
Manchester 
Correlation 1 .232 .250 .211 
  Sig. (2-tailed)   .082 .063 .122 
Interest Rate Correlation .232 1 .977** .928** 
  Sig. (2-tailed) .082   .000 .000 
Lag1 Interest rate Correlation .250 .977** 1 .977** 
  Sig. (2-tailed) .063 .000   .000 
Lag2 Interest rate Correlation .211 .928** .977** 1 
  Sig. (2-tailed) .122 .000 .000   
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Appendix D 
Multiple regression models 
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SUMMARY OF BEST FIT REGRESSION RESULTS 
Model Adjusted 
R-Squared  
Durbin 
Watson 
Durbin Watson Interpretation 
London 1 0.223 1.328 Interpret results with caution - model may 
suffer from positive serial correlation of the 
errors 
Paris 1 0.046 1.576 Interpret results with caution - model may 
suffer from positive serial correlation of the 
errors 
Berlin 1 0.247 2.063 No autocorrelation 
Brussels 1 0.090 2.097 No autocorrelation 
Dublin 2 0.382 2.013 No autocorrelation 
Birmingham 1 0.216 2.002 No autocorrelation 
Manchester 1 0.291 1.611 Interpret results with caution - in the 
inconclusive range, quite close to the point at 
which the null hypothesis of non-
autocorrelated errors is not rejected. 
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Discarded multiple regression models 
London West End  
Model R Square 
Adjusted 
R Square 
Durbin-
Watson 
London 2 .398 .337 1.333 
 
Model London 2 
Unstandardized Coefficients 
t Sig. B Std. Error 
(Constant) 92.878 51.098 1.818 .075 
Lag2 GDP UK .573 .229 2.503 .016 
Interest Rate UK 3.634 .977 3.720 .001 
% Vacancy London West-End .551 .495 1.114 .271 
Inflation UK .866 .266 3.253 .002 
Employment UK -.007 .003 -2.620 .012 
 
Berlin 
Model R Square 
Adjusted R 
Square 
Durbin-
Watson 
Berlin 2 .442 .381 2.172 
 
Model Berlin 2 
Unstandardized Coefficients 
t Sig. B Std. Error 
(Constant) 9.273 18.803 .493 .624 
Lag2 Vacancy Rate 
-.353 .585 -.603 .549 
Lag2 GDP  -3.207 1.268 -2.528 .015 
Lag1 Employment 
-.002 .001 -2.520 .015 
Interest Rate .401 .257 1.558 .126 
Inflation  .802 .232 3.461 .001 
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Brussels 
Model R Square 
Adjusted R 
Square 
Durbin-
Watson 
Brussels 2 .138 .103 2.086 
 
Model Brussels 2 
Unstandardized Coefficients 
t Sig. B Std. Error 
(Constant) 26.888 10.743 2.503 .016 
Vacancy Rate -.051 .342 -.150 .881 
Employment -.006 .003 -2.028 .048 
 
Dublin 
Model 
R 
Square 
Adjusted 
R 
Square 
Durbin-
Watson 
Dublin1 .270 .229 1.389 
 
Model: Dublin 1  
Unstandardized Coefficients 
t Sig. B Std. Error 
(Constant) 7.734 4.718 1.639 .107 
% Vacancy Dublin -.510 .223 -2.294 .026 
GDP Ireland 1.070 .443 2.416 .019 
Interest Rate -.252 .504 -.500 .619 
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Birmingham  
Model 
R 
Square 
Adjusted 
R 
Square 
Durbin-
Watson 
Birmingham 2 .372 .307 2.150 
 
Model Birmingham 2 
Unstandardized Coefficients 
t Sig. B Std. Error 
(Constant) 
48.967 22.664 2.161 .036 
Lag2 Employment UK -.003 .001 -2.499 .016 
Lag2 % Change GDP UK .186 .110 1.687 .098 
Interest Rates 1.375 .371 3.711 .001 
% Availability Birmingham .446 .268 1.661 .103 
Inflation UK .132 .089 1.480 .145 
 
Manchester 
Model 
R 
Square 
Adjusted 
R 
Square 
Durbin-
Watson 
Manchester 2 .298 .223 1.605 
 
Model Manchester 2 
Unstandardized Coefficients 
t Sig. B Std. Error 
(Constant) 42.488 14.304 2.970 .005 
% Availability Manchester -.458 .168 -2.720 .009 
Employment UK -.002 .001 -2.954 .005 
Inflation UK .208 .077 2.710 .009 
GDP UK .040 .060 .662 .511 
Interest Rate -.014 .200 -.071 .944 
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proposal 
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Name: Aoife Reilly 
Student number: C08530408 
Address: Stokestown, Dunboyne, Co. Meath 
Email: aoife.reilly2@student.dit.ie 
Phone: 0863426705 
1. Working title of dissertation:  
To assess the relationship between property and economic variables with commercial real 
estate rents. 
2. Aim:  
To assess the impact, if any, that the macro economy and vacancy rates have on market rents 
across the commercial sectors. 
3. Objectives:   
1.  To review and analyse current literature on the topic. 
2.  Develop an empirical model of the determination of prices and rents of commercial 
property. Specifically the data I intend to use includes: 
Independent variables:  
Vacancy rate (office, retail, industrial and all property 
Total available stock (office, retail, industrial and all property) 
Employment 
Retail sales 
GDP  
Inflation 
 
Dependent variables:  
Office rental indices  
Retail rental indices  
Industrial rental indices  
All property rental indices 
 
  
109 
 
3.  To compare and contrast the impacts of the selected independent variables on commercial 
real estate rents and prices across different countries, i.e. Ireland, Britain and one other 
European country (yet to be confirmed). 
4. To interpret the implications of the findings – any relationships discovered. To discuss how 
this information might be utilised by investors, global corporates, commercial valuers and 
other property professionals.  
4. Relevance to course 
This thesis topic is integral to the general content of the Real Estate course. Throughout 
Valuations modules 1 and 2 commercial prices and rental levels have been a central element 
of both the theory and practical work. Determinants of commercial prices and rental levels 
are an important consideration for any investor along with many other stakeholders in 
property and in this sense the topic relates to the Investment and Finance module, particularly 
the investment side which analyses investor choice in the property sector. Irish REITs have 
formed a major part of our final year study and the structure of REITs place an emphasis on 
rental levels. REITs are required by legislation to obtain at least 75 percent of their income in 
the form of rent and are obliged to distribute 85 percent of their rental income in the form of 
dividends. Similar requirements are in place on REITs across Europe therefore rental levels 
are an important factor for the investor.  
5. Dissertation structure 
1. Introduction 
2. Literature review 
3. Data description 
4. Methodology 
5. Statistical testing and presentation of results 
6. Analysis, interpretation and implications 
7. Conclusion, recommendations and further research 
 
6. Research strategy for investigating chosen topic 
1. Review the literature on the topic.   
2. Gather rent and vacancy data from CBRE and the remaining data which is readily 
available. Decide on the frequency of data depending on availability, series length, etc.  
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3. Use a statistical program, such as SPSS. The methodology I intend to use is based on an 
OLS regression, with preliminary analysis involving correlation examination. 
4. Analyse and interpret the results. Consider implications for real estate investors, 
commercial valuers, global corporate etc. 
7. One page discussion on relevant literature 
A new emphasis was placed on trying to explain movements in rents following the market 
crash in the early 1990s. Models have been formed attempting to understand the movements 
of office rent indices. Models in the U.S. have been built using vacancy rates while in the 
U.K. the use of demand proxies and supply variables has been more common. Some models 
have also used autoregressive integrated moving average (ARIMA) techniques (Chaplin, 
1999).   
A study conducted by Dobson and Goddard (1992) assumes that commercial prices and rents 
adjust to ensure market clearing, i.e. no natural vacancy rate is present. A number of supply 
and demand side assumptions are made and empirical testing results indicate that 
employment is very influential on price particularly in the commercial sector while in prices 
and rents across almost all sectors were found to be sensitive to interest rates and residential 
property values.    
RICS (1994) conducted a study across UK commercial markets examining property cycles. 
Statistical analysis was used to examine the determinants of rental levels. It was found that in 
the short run rents were seen to depart from a long run equilibrium because of the imbalance 
between demand and supply. Multi linear regression was used with the real office rental 
index value as the dependant variable and ‘GDP’, ‘stock of floorspace’ and ‘construction 
orders’ as the independent variable. The results showed an R-bar squared at 97 percent and 
all parameters significant at the 5 percent level. Rental levels were seen to have a positive 
relationship with ‘GDP’ and a negative relationship with ‘stock of floorspace’ and 
‘construction orders’. Chaplin (1999) claims that this study is not robust as diagnostic checks 
on the data and the model were not published and it is unclear whether they were carried out.   
Sivitanides (1997) conducted a study on the rent adjustment process and the structural 
vacancy rate in the commercial real estate market. The results suggest that the proposed 
model accounting for an intertemporally variable structural vacancy rate may be more 
appropriate than the traditional model in explaining variations in rent changes through time. 
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In this study the figures for rents are contracted rents which Sivitanides admits could be 
better replaced with effective rents to account for concessions as this would give a more 
accurate reflection of market conditions. The number of observations is also a cause for 
concern totalling nine at an annual frequency.  
The use of prime rents should provide for accurate testing due to their immediate adaptability 
to market conditions. An estimated 30 plus observations at quarterly frequency promises 
reliable results. 
Proposal bibliography 
Chaplin, R. (1999) The predictability of real office rents, Journal of Property Research, vol. 
16 (1) pp. 21-49 
D’Arcy, E., McGough, T. and Tsolacos, S. (1999) An econometric analysis and forecasts of 
the office rental cycle in the Dublin area, Journal of Property Research, vol. 16 (4) 309-321 
D’Arcy, E., McGough, T. and Tsolacos, S. (1997) National economic trends, market size and 
city growth effects on European office rents, Journal of Property Research, vol. 14 (4) pp. 
297-308 
Dobson, S.M. and Goddard, J.A. (1992) The Determinants of commercial property prices and 
rents, Bulletin of Economic Research, vol. 44 (4) pp. 301-321 
Gardiner, C. and Henneberry, J. (1988) The Development of a simple regional office rent 
prediction model, Journal of Valuation, vol. 7, pp. 36-52 
Giussani, B., Hsia, M. and Tsolacos, S. (2007) A Comparative Analysis of the Major 
Determinants of Office Rental Values in Europe, Journal of Property Valuation and 
Investment, vol. 11 pp. 157-173 
Hekman, J.S. (1985) Rental Price Adjustment and Investment in the Office Market, AREUEA 
Journal, vol. 13 (1) pp. 32-47 
Ibanez, M.R. and Pennington-Cross, A. (2013) Commercial Property Rent Dynamics in U.S. 
Metropolitan Areas: An Examination of Office, Industrial, Flex and Retail Space, Journal of 
Real Estate Financial Economics, vol. 46 pp. 232-259 
  
112 
 
Machi, D., Mueller, G.R. and Wurtzebach, C.H. (1991) The impact of inflation and vacancy 
of real estate returns, The Journal of Real Estate Research, vol. 6 (2) pp. 153-168 
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Meeting No.   Meeting duration (minutes)  
 
Summary of what was discussed: 
1st draft of Literature Review 
Data used in research 
General methodological approach 
 
 
 
Outline of what has been agreed and what is to be completed for the next meeting: 
AR to  
Prepare tabular summary of results 
Prepare summary of studies referred to in Literature Review 
Address some issues in Literature Review to be checked (not necessarily for next meeting)  
Draft Methodology chapter (not necessarily for next meeting) 
 
 
 
 
 
 
 
Signed 
Student_________________________________________________ 
Supervisor  Stephen Walsh 
 Date:  19/08/2014 
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Meeting No.   Meeting duration (minutes)  
 
Summary of what was discussed: 
Further discussion of draft Literature Review 
Further discussion of methodology 
Discussed issues that arose at previous meeting.  AR had considered each of these and progressed 
them 
 
Outline of what has been agreed and what is to be completed for the next meeting: 
SW will read methodology note prepared by AR. 
 
AR will 
Prepare timeline of tasks to be done 
Look at euribor as possible variable for Dublin 
Prepare table showing theoretical rationale for each variable and how results matched this 
Undertake some editorial changes to Data Analysis section 
Re-examine interpretation of Histogram and P-P plots 
 
 
 
 
 
Signed 
Student_________________________________________________ 
Supervisor  Stephen Walsh  
 Date:  27/08/2014 
  
2 70 
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Meeting No.   Meeting duration (minutes)  
Meeting was held by phone 
 
Summary of what was discussed: 
Discussion of draft Literature Review due for submission  
 
 
Outline of what has been agreed and what is to be completed for the next meeting: 
AR to  
- redraft as appropriate and submit by 5 pm 01/09/2014 
- draft work-in-progress presentation for 04/09/2014 
 
 
 
 
 
 
 
Signed 
Student_________________________________________________ 
Supervisor  Stephen Walsh  
 Date:  01/09/2014 
  
3 40 
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Meeting No.   Meeting duration (minutes)  
Meeting was held by phone 
 
Summary of what was discussed: 
Draft of work-in-progress presentation 
 
 
Outline of what has been agreed and what is to be completed for the next meeting: 
AR to re-draft as appropriate and attend presentation at 1 pm on 04/09/2014 
 
 
 
 
 
 
 
Signed 
Student      _________________________________________________ 
Supervisor  Stephen Walsh  
 Date:  04/09/2014 
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Meeting No.   Meeting duration (minutes)  
 
Summary of what was discussed: 
First draft of descriptive section on office market in each of the seven cities 
Tabular presentation of correlation and regression results 
 
 
Outline of what has been agreed and what is to be completed for the next meeting: 
AR to redraft “city” descriptive section as discussed. 
AR to draft Table of Contents 
AR to examine ways to present explanation of some technical econometric issues such as 
autocorrelation, multi-collinearity and heteroskedasticity 
AR to tidy up table showing correlation and regression results 
 
 
 
 
 
 
 
 
Signed 
Student_________________________________________________ 
Supervisor  Stephen Walsh  
 Date:  10/09/2014 
  
5 45 
  
119 
 
Meeting No.   Meeting duration (minutes)  
Meeting was held by phone 
Summary of what was discussed: 
Discussion of methodology chapter. 
 
 
Outline of what has been agreed and what is to be completed for the next meeting: 
AR to re-draft chapter based on discussion. 
 
 
 
 
 
 
 
Signed 
Student_________________________________________________ 
Supervisor  Stephen Walsh  
 Date:  18/09/2014 
  
6 30 
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Meeting No.   Meeting duration (minutes)  
 
Summary of what was discussed: 
1st draft of full document.  Discussion was not finished 
 
 
Outline of what has been agreed and what is to be completed for the next meeting: 
Discussion to be resumed 25/09/10. 
 
AR to start editorial changes and also to examine options for reducing size of document. 
 
 
 
 
 
 
 
Signed 
Student_________________________________________________ 
Supervisor  Stephen Walsh  
 Date:  24/09/2014 
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Meeting No.   Meeting duration (minutes)  
 
Summary of what was discussed: 
Continuation of discussion of 24/09/20-14.   
 
Mainly focused on structure of document and “Conclusion” chapter. 
 
 
Outline of what has been agreed and what is to be completed for the next meeting: 
AR to tidy up document and finalise. 
 
 
 
 
 
 
 
Signed 
Student_________________________________________________ 
Supervisor  Stephen Walsh  
 Date:  25/09/2014 
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